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SUMMARY

This project was undertaken to investigate the relation-
ships among mental age (MA), chronological age (CA), intel-
ligence quotient (.IQ.), physiological age (PA), and speech
hearing ability both for threshold and for discrimination
among children with less than normal intellectual ability.
In all, 209 children were included, of whom 39 had :IQ
scores between ninty and 114, and 170 had IQ scores of 89
or under. Range of chronological age was 6.3 to 15.2 years
(mean age 10.8 years) and IQ. ranged from 44 to 114 (mean
77 IQ.). Included in the total sample was agroup of eleven
children with positive organic signs as the basis for re-
tardation. Also in the total sample were 36 children from
residential institutions for the retarded in Pennsylvania.
All subjects were found to have pure tone air conduction
acuity (two frequency average across 500, 1000, and 2000 Hz)
no worse than 25 dB ISO 1964.

All of the subjects were drawn from either the public
schools (special education classes or regular classes) or
from the residential institutions for the retarded in Penn-
sylvania. All were classified as being in the educable
mentally retarded range, in part judged from the child's
adaptability to a formal classroom or teaching situation, but
largely on the basis of intelligence testing.

Subjects were given the WISC test to abtain IQ and men-
tal agt_g scores (sub-categories of verbal and performance
scores), and a series of performance, anthropomorphic and
other measures to determine physiological age. In addition,
subjects were given the Threshold by Identification of Pic-
tures (TIP) test for speech reception threshold, and the
Discrimination by Identification of Pictures (DIP) test for
speech discrimination (or speech intelligibility) at the
sensation level of SRT, SRT +5dB, and SRT +10dB.

Statistical analyses included product moment correlations
and partial correlation, t test for differences between means,
F tests for parallelism of regression, statistics for com-
parison of slopes of intelligibility curves, and evaluation of
the distributions of the samples of data.

The major findings of the study were that within the age
and intellectual ranges of the subjects studied, mental age,
intelligence quotient, physiological age, institutionalization,
and organic bases for retardation are not significantly



related either to speech reception threshold or to speech
discrimination test scores. However, chronological age was
supported as being a factor related to test performance.

Reliability of the TIP and DIP tests with these subjects
compares favorably with reliability reported for non-retarded
subjects. In addition, the usefulness of the TIP and of the
DIP tests for educable mentally retarded children, especially
those not demonstrating strong organic involvement, is sup-
ported.
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CiTAPTER 1

INTRODUCTION

The present study is the third in a series done at
The Pennsylvania State University with the cooperation
and the support of the U. S. Office of Education. The
first study dealt with the development and standard-
ization of two tests of speech hearing ability in children:
Threshold by Identification of Pictures (TIP), and Dis-
crimination by Identification of Pictures (DIP) tests.

The second study in this series applied these two
tests to children with various types and degrees of pe-
ripheral hearing disorders. The major purpose of the
second study was to evaluate the TIP and DIP tests for
use with hypocusic children.

The results of these two studies were very promising
in that the TIP and DIP tests appeared to be useful with
childrer at least as young as mental age three years.
They appeared to give reliable and valid measures of speech
hearing ability in children who are normal and those with
peripheral hearing losses. In the course of the researches
it was possible to produce the test material in readily
available forms.

As of this writing approximately four hundred sets of
test materials with accompanying scoring sheets and re-
search reports have been distributed throughout the United
States and in some foreign countries. These materials
were made available at a miniumal cost because of the
support offered to the projects by the U. S. Office of
Education.

At the present time these tests have been given a
second printing and are being distributed to additional
clinics and schools. Both of the tests appear to have
a considerable value in the Audiology Clinic as judged
by our experience at the Penn State Speech and Hearing
Clinic. There have been at least two doctoral disser-
tations which have followed up the original research; these
dissertations were especially concerned with the dis-
tinctive feature of influence or transitions between ad-



jacent phonemes. It is too early yet for research results'
to be available, as these tests are used in other audiology
and research programs. However, informal reports and anec-
dotal reports available indicate the tests are useful, and
they are being subjected to rigorous independent research
such as is needed whenever an evaluation or test procedure
is developed.

It was the principle investigator's hope that the
TIP and DIP test materials would be adequate to pursue
further a number of aspects of auditory behavior, especially

- in children. Thus the present study was designed to investi-
gate speech hearing abilities among mentally retarded
children, giving special attention to mental age, chrono-
logical age, and physiological age. A number of hypotheses
were developed relative to the interactions among these
various ages and speech hearing ability.

However, as the following research report will show,
in the main these hypotheses were not supported by the
test results. On the other hand, the results produced
what may be considered an even more gratifying result,
namely evidence that the TIP and DIP 'tearing tests are
satisfactory as measures of speech hearing ability among
retarded children and that special considerations or
compensations probably need not be made to any consider-
able extent as these test materials are applied to children
with less than normal intelligence. Thus, it is hoped
that a contribution has been made to the audiological
literature and to the armamentarium of tests available to
the audiologist dealing with children.

As with any sizable project, a large number of indi-
viduals make contributions which too often go unrecognized.
In this project we are especially thankful and appreciative
of the help given to us by various school administrators
from Central Pennsylvania and even more so, the children
and their parents who consented to participate in the
study. It was necessary for the children to spend some
time away from the regular classroom, and in most cases
it was necessary to travel to State College, Pennsylvania
for a portion of the experimental testing. Wnile the
test procedures were not noxious, nevertheless in some
occasions they were demanding and required the attentive
participation of the children. For all of this kind of
help, including making available school records by the
school administrators and in some cases assigning school
personnel to participate in case selection as did many
classroom teachers, the authors express their thanks.

4



We wish specifically to acknowledge the following
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Mr. Harold Blackwell, Supervisor of Special
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Mr. Frederick Herman, Superintendent Ele-
mentary Schools, Plymptonville Elementary
School

Mr. James Stodart, Assistant Superintendent
Elementary Schools, Plymptonville Elementary
School

Mrs. Henchbarger, Chief Nurse, Clearfield
Area Schools, Clearfield Senior High Schoo:.

In Selinsgrove, Pa.:

Dr. John Zimmerman, Superintendent, Selinsgrove
State School and Hospital

Miss Karen Demko, Head, Speech and Hearing
Department, Selinsgrove State School and
Hospital

In Cresson, Pa.:

Dr. Francis Taylor, Superintendent, Cresson
State School and Hospital

Mr. William Benson, Principal, Demonstration
School, Cresson State School and Hospital

Mr. Robert Kearn, Demonstration School,
Cresson State School and Hospital

The several staff members from Penn State, graduate
students and others who participated in the study at the
data collection stage included Carol Hatch, Dennis Pirnot,
Karena Gruen, Sally Weigle, Susan Murdza, Arlene Katz, and
Barbara Leiber.
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The principle investigator wishes especially to thank
John Tardibuono and Jackie Sallade for their enthusiastic
work throughout this project. For the first two-thirds of
the project John Tardibuono was the project coordinator.
John arranged for subjects, worked out the details of test
procedures and their administration, he made numerous
contacts with school people, and his convincing manner and
knowledgeable approach to his task made possible the
participation not only of schools but children and their
parents. His devotion to the project far exceeded the
commitment that would be expected.

Jackie Sallade acted as project coordinator during the
last third of the project (having served as one of the re-
search technicians earlier). Jackie carried on with John's
fine work, when he had to withdraw from the project because
of other demands. She continued his very high level of
effort, completing the phase of data collecting and tabulation.
She also was very effective in working with the project
statistical consultant in carrying out the recommended
statistical analyses and preparing the bulk of the review of
literature and procedures resume.

This project depended heavily upon psychological test
procedures, and the author wishes to acknowledge with thanks
the important contributions of people from the School
Psychology program at Penn State. Dr. Bartell Cardan assisted
in planning the psychological procedures to be used and
their place in the design of the research. Later, Dr.
Joseph French provided psychometricans and other staff and
he monitored their activities closely to assure that pro-
fessional quality psychological testing was done. He
materially assisted in locating subjects in the Pennsylvania
schools and arranging entrance into the school records and
access to children. He provided necessary over-all support
to the project, especially in the psychological areas.

The physiological age testing, procedures which were a
departure from usual speech and hearing clinic practices,
were all done at or by personnel from the Laboratory for Human
PerforMance Research on the campus, with Dr. Llsworth
Buskirk as Director of the laboratory. Dr. Buskirk and his
group designed and carried out the physiological age measure-
ments, and from those measurements extracted data especially
pertinent to the present project. The names of his several
staff members who assisted appear as coauthors of chapter
four of the body of this report.

Finally, we wish to acknowledge the astute advice of-
fered by Dr. Paul Games, statistical consultant from the
Department of Educational Psychology at Penn State Not only

7



did Dr, Games and his graduate assistant do the mechanics of
most of the statistical analyses, but more importantly, he
helped clarify the experimental questions and translate them
into forms which would lead to meaningful answers based upon
the experimental data.

It is hoped that it will be possible to carry on other
investigations of this sort using the TIP and DIP tests.
Specifically, plans are being made to investigate hearing
abilities using these test procedures with children having
other types of diagnoses, namely, the brain injured child
and the language-impaired child, who present disorders of
special interest to the audiologist and to others dealing
with children and communication disorde33,
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CHAPTER 2

BACKGROUND AND REVIEW OF THE LITERATURE

Hearing Loss in the Intellectually Subnormal

The clinical audiologist is called upon to measure
the hearing function of children of school age. He has
the responsibility for detecting educational placement
and other problems posed by hearing disorders and of as-
sisting in differential diagnosis among children suspected
of hearing loss and/or reduced intelligence, for his area
of professional interest is related to a wide range of
communication, social and educational problems in children.
In order to discharge his responsibility, the audiologist
needs adequate clinical tools for the detection of hearing
loss in children. Factors such as short attention span,
shyness, lack or interest in the hearing test procedure
and inability to comprehend or cooperate in the test make
child-testing a problem, even with many normal children.

In the evaluation of mentally retarded (MR) and
children with borderline intelligence, the same problems
exist in an exaggerated form and are accompanied by other
problems such as reduced vocabulary, lack of social,
emotional, and physical development, unintelligible and/or
retarded speech, and an orientation of failure toward
test situations. All of these factors combine to make
audiological testing of these children a difficult task
and the interpretation of responses too often an art
rather than a science. In addition, the audiology field
lacks adequate baseline data for evaluating hearing test
responses of the mentally retarded, whose performance
may be influenced by factors other than status of the
hearing end organ.

In many cases any difficulty that MR children have
in school or in life adjustment is attributed to their
reduced intellectual functioning. However, many of these
children have other handicapping disorders, one of which
is hearing loss. Birch and Matthews (1951) administered



pure-tone tests to 247 institutionalized trainable MR
children aged 10-19 years. They found that symptoms of
hearing loss and symptoms of mental retardation often
are similar. Over 44.5 per cent of their subjects passed
the sweep check at 15 dB in both ears. Some explanations
offered by Birch and Matthews for the poor pure tone test
results by the mental retardates include past experience
which impaired selective attention to sounds, rigidity of
thinking, minimal cerebral dysfunction, poor frustration
tolerance, anticipation of failure, special disabilities
in different areas of auditory performance and specific
memory defects. Foale (1954) reported better hearing
than found by Birch and Matthews in her sample of one
hundred mentally retarded boys age ten to nineteen years.
However, her sample had a mean IQ of 66 in contrast to
the previous study whose subjects had a median IQ of 49.
Sixty-seven per cent of Foale's subjects had good hearing
in both ears, good hearing being defined as hearing at
least twenty dB on a pure tone test. Sheridan (1948)
theorized that mental retardation involves functional
unawareness of many of the finer speech sounds and that
the child's auditory discrimination is primitive, as are
his muscular control and intellectual processes.

Johnson and Farell (1954) reported on hearing testing
of 270 educable retarded children. Their procedure in-
volved pure tone testing over the range 250 to 6000 Hz.
Criteria for hearing loss was a hearing level of 20 dB
or more at two or more frequencies; of those tested 24
per cent had hearing losses. Kodman et al. (1958) ob-
tained similar results testing 208 institutionalized
mentally retarded adolescents and adults. The subjects
were divided into two chronological age groups. The
younger group (N = 84) had a mean age of 15.4. The older
group (N = 105) had a mean age 38.70 years. Each subject
was screened for hearing at 20 dB over the frequency range
250 to 8000 Hz. Hearing loss criteria were defined as
thresholds of thirty decibels or greater at one or more
frequencies in each ear. The incidence of hearing loss
for the population tested was 21.43 per cent. Bradley
et al. (1955) suggested that a battery of tests rather
than pure tone testing along would demonstrate a smaller
incidence of hearing loss. Rigrodski, Prunty, and Glovesky
(1961) surveyed the incidence of hearing loss in 235
children and adults, of which only a minimal number where
custodial cases, at the training school in Vineland, New
Jersey. Frequencies tested were 250 to 8000 Hz. A
hearing loss was defined as a hearing level of 20 dB or
more for any two frequencies in any one ear. Twenty-five
per cent of the subjects tested had impaired hearing.
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Schlanger and Gottsleben (1956) reported on a similar
population (498 subjects were included in their group).
They found that 35 per cent of the testable subjects had
demonstrable hearing losses which were significant and
in need of conservation and remedial measures. They tested
over 125 to 12,000 Hz.

Rittimanic (1959) tested 1220 patients ranging in
IQ from 30 to 129 at the Dixon State School in Illinois.
Subjects were selected on the basis of ability to respond
reliably to a pure tone audiometric screening test. Un-
testable patients were severely retarded, emotionally
disturbed, uncooperative or unwilling, or hospitalized.
The criteria for hearing loss was a hearing level of 15
dB or greater for two or more frequencies tested at 250
to 8000 Hz in one or both ears. According to this cri-
terion 40.5 per cent of the subjects had hearing losses
which were thought to be significant. Eighty per cent of
the hearing loss cases required only conservative medical
treatment because their losses were not socially or edu-
cationally handicapping. Of the 25 subjects less than
ten years of age who were tested, only four per cent showed
hearing loss. Of the 297 subjects tested in the age range
ten to nineteen years, however, 19.8 per cent were found
to have hearing losses. The Name investigator (1966) found
51 per cent of institutionalized mental retardates to have
medically significant hearing losses. Siegenthaler and
Krzywicki (1959) attempted hearing testing of 396 school
and 242 non-school girls at an institution for potentially
delinquent females of childbearing age in Laurelton,
Pennsylvania. The school girls had a mean chronological
age of 21.7 and a mean IQ of 52.4. The non-school girls
had a mean chronological age of 35.0 and a mean IQ of
51.0. Incidence of hearing loss for the groups were
seventeen per cent for the school girls and 32 per cent
for the non-school girls when tested over the 250 to 4000
Hz range at 15 dB (ASA 1951). Most of the losses were
less than thirty decibels.

Summarizing the literature in regard to hearing surveys
of institutionalized retardates, hearing loss appears to
be more frequent than in the normal population: consensus
of surveys indicates about thirty per cent or greater
incidence of hearing loss among retardates. This per-
centage varies with the decibel level set as a criterion
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for hearing loss. Approximately twenty per cent of the
institutionalized MR group might be expected to have a
hearing level for speech reception threshold of twenty
decibels or more.

Speech Reception Threshold of Intellectually Subnormal Samples

Almost no mention has been made in the literature of
the incidence of hearing loss in mental retardates when
measured by speech hearing tests. Schlanger and Galanowsky
(1966) reported on the results of tests of auditory dis-
crimination with 86 normal and 85 retarded children. The
retardates were eight to sixteen years old and had IQ's of
fifty to seventy. The normals were in grades kindergarten
through second, and were four to eight years old. All the
subjects had normal hearing and intelligible speech. How-
ever, it was found that the normal children had significantly
higher scores in all of the auditory discrimination tests.

A recent study by Clausen (1966) included three retarded
groups: 68 eight to ten year olds, 105 twelve to fifteen
year olds, and 103 twenty to twenty-four year olds. These
groups were compared with 112 eight to ten year old normals.
The retardates were selected to be in the fifty to seventy-
five IQ range, but subjects who could not follow directions
were excluded. A comparison was made according to pure tone
audiometry and speech threshold. The criterion for pure tone
hearing loss was threshold twenty decibels or greater for any
two frequencies in the 500 to 8000 Hz range in one ear, and
the criterion adopted for speech reception was twenty
decibels or more hearing level. The retardates performed
below the normals in terms of hearing acuity on both the
pure tone test and the speech threshold test. The incidence
of hearing loss in retardates proved to be higher according
to the pure tone test than according to the speech reception
test, which was not the case with the normals. On the speech
reception threshold test the older retardates performed
better as a group. The incidence of hearing loss according
to these tests was 16.2 per cent for the eight to ten year
old group and 7.6 per cent for the twelve to fifteen year
old group, as compared to the following percentages of
incidence of hearing loss according to pure tone test re-
sults: 23.5 per cent for the eight to ten year old group,
16.2 per cent for the twelve to fifteen year old group,
and 20.4 per cent for the twenty-one year old group.
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Testing the Hearing of Intellectually Subnormal Children

The incidence of hearing loss among retardates is,
as previously mentioned, higher than that among normals.
Fulton and Griffin (1967) suggest that this high incidence
cannot be explained by audiometric test techniques or in-
ability to respond in view of the high percentage of MR
children requiring otological treatment, which in turn
may be due to the inability of the -ental retardates to
obtain otological attention in early stages of ear disease.
However, the findings of Clausen (1966) suggest that the
conclusions about incidence rates of hearing loss in
retardates on pure tone threshold alone may be misleading.
That study showed a lower incidence of hearing loss for
speech reception than for pure tone audiometry. How much
of the variance of the apparent hearing loss in retardates
can be attributed to primary sensory defects, arousal
level, or methodology is still to be described. Perhaps
both threshold for speech and pure tone should be used
for diagnosing hearing loss in retardates. This notion
was supported by the low correlation between pure tone
and speech threshold, which showed the inability to
predict accurately from one test to the other. The
speech threshold test seemed to cause less test procedure
difficulties than the pure tone test for the retardates
and appeared to be a better indicator of the ability of an
individual to interact with the environment. Speech hearing
testing would therefore be the test of choice. The pure
tone test may be given, in addition either to confirm the
results of the speech reception test, and/or give addition-
al information about the subjects arousal level or capaci-
ty for attention.

Other investigators have made similar observations.
Mykiebust (1954) and Wolfe and MacPherson (1959) reported
that retarded subjects respond better to more meaningful
test stimuli (e.g., speech signals) than they do to more
abstract stimuli (e.g., pure tones). Schlanger (1961)
used six different audiometric procedures to assess the
hearing ability of retarded children before and after a
period of listening training. A speech reception test
showed the lowest threshold. Fulton and Graham (1964)
reported that audiometric test-retest reliability in re-
tardates is related to general functioning level. Thus,
it seems well-documented that pure tone audiometry is
not always the best indicator of auditory functioning in
retardates. There seem to be valid arguments for a more
extensive use of speech reception tests.
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A further problem of validity in hearing testing pro-
cedure with retardates involves possible confounding of the
results of the hearing testing with the symptoms of retar-
dation itself (or one or more of the effects of retardation).
Therefore, much attention has been devoted to developing
testing techniques and evaluating the auditory capacity
and auditory behavior of children (Barr 1955; Debyshire
and McDermott 1958; Ewing and Ewing 1944; Hardy and Bordley
1951; and Lowell, Rushford, Hoversten and Stoner, 1956).
Myklebust (1954) indicated that auditory testing of young
children, especially those with hearing disorders, is a
difficult task and it therefore must be approached with
caution and skill in order to insure validity. Wood and
Frisina (1962) also discussed types of audiological tests
necessary for differential diagnosis, that are supplemental
to tests of auditory sensitivity.

Mentally retarded children seem to respond better to
test stimuli that are more meaningful and generally suitable
to them than to the more abstract pure tones, as previously
mentioned (Myklebust, 1954; Wolfe and MacPherson, 1959).
Sortini (1960) reported that speech is also a more effective
stimulus than are more abstract pure tones for many brain-
injured children. Several special techniques and word lists
(Keaster, 1947; Siegenthaler, Pearson, and Lezak, 1954)
have been prepared for determining the speech reception
thresholds of children. Dale (1962) and Solomon (1962)
both used toy and game techniques to test speech hearing.
However, some investigators warn that complex toys are often
less effective than simple ones, both with young normally
hearing children (Milips, 1961) and with the mentally re-
tarded (Wolft. and MacPherson, 1959).

Besides arranging stimuli to improve the validity of
hearing testing with young and/or retarded children, the
responses required of the subject are often structured.
For example, Myerson and Michael (1960) built an elaborate
conditioning apparatus for testing the hearing of mentally
retarded children which, according to them, works effectively.
The Ewings (1944) and Lowell and his team (1956) developed
some of the play conditioned response techniques employing
simple toys and activities. McHugh and Hall (1954) discussed
the use of music, loud speakers, noisemakers, rhythm band
percussion instruments and the like. The peep show of Dix
and Hallpike (1947) and the pediacoumeter (Gilford and
Haug 1952) were among the first in a series of complex
play conditioned response techniques involving hear-and-do
combinations. Siegenthaler and Kaplan (1957) compared a
modified peep show using pictures to the standard pure
tone technique (hand raising) with 39 normal-hearing above
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average in intelligence, pre-school children. The former
technique capitalized on the use of reinforcement. The
peep show gave more acute thresholds by about 3 dB, was
equally reliable to the standard method, requi:ed an
easier and shorter orientation period, took slightly longer
to obtain thresholds at three frequencies, was preferred
by children, and was generally more successful.

There are several limitations to play audiometry
(Dansinger and Madow, 1966) and to GSR conditioning
(Thorne, 1962) when applied to the retarded (especially
to the more severely retarded). The procedure and
training involved in testing is often time consuming;
the subject cannot maintain attention, cooperation and
motivation; an experienced testing team is needed; the
subject may fail to understand what is exper7ted of him.
Christiansen and Schlanger (1964) felt that special prepa-
ration is needed for the mentally retarded to make the
test a more meaningful and accurate indicator of hearing
ability. Iches (1963) found that when an accuracy indi-
cator was used, subjects were more apt to report the pres-
ence of a weak stimulus, were less influenced by response
bias, and had a mean threshold 6.5 dB lower than with
ordinary pure tone audiometry.

In comparing standard audiometry, play audiometry,
GSR audiometry, and a speech reception threshold test with
mentally retarded children, Schlanger (1962) found that
the SRT test produced the lowest threshold, was more re-
liable, did not depend on auditory training as much and
enabled a greatcr proportion of the subjects to be tested.
He used the Verbal Auditory Screen for Children (VASC).
His criterion of hearing loss was fifteen decibles loss
in either ear; 58.3 per cent were impaired. At thirty
decibels, 12.6 per cent were impaired, and were believed
to have sufficient hearing loss to interfere with com-
munication.

According to Kodman et al. (1958), the purpose of
hearing testing with the mentally retarded is not to ob-
tain an absolute threshold but to rule out hearing loss
as a factor in diagnosis. In agreement, Juers (1956)
stressed the importance of knowing the speech hearing
threshold as well as the pure tone threshold in order
to compare the two to make a diagnosis. For example,
greater loss for speech than for pure tone is common in
most deafness, while greater loss for pure tones than
for speech suggests psychogenic deafness. Lehrer (1964)
studied ten children eleven to sixteen years old ranging
in IQ from 69 to 116 (with a mean of 89). All were
diagnosed to be psychogenically deaf and were treated
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by psychotherapy, which lasted from several weeks to three
months per individual. Results were better school adjust-
ment and no hearing loss. Thus, the speech reception thres-
hold can be useful in diagnosis of normal and of retarded
children and adults.

According to Myatt and Landis (1963), desired infor-
mation includes not only the determination of speech re-
ception threshold, but also a measure of how well speech
is understood at above-threshold levels. Tests with this
latter objective have been standardized (largely on adult
populations) using the well known phonetically balanced
lists of words. The proper administration of these tests
requires the examiner to evaluate the subjects' response
in terms of accuracy with respect to the presented stimuli.
If the child is immature or has an articulation defect, it
is difficult to evaluate an erroneous response to a stimulus
word as to whether the child failed to discriminate the
stimulus correctly or whether he is not repeating it correctly
because of a speech problem. To avoid verbal response,
some clinicians have used picture tests to obtain speech
reception threshold. The value of this type of testing
has been demonstrated by Streng and her associates
(1955), among others.

In order for such a test to be useful for a wide
range of children, several factors must be considered:
words chosen to be illustrated must be within the vocabu-
lary range of a wide variety of children, the pictures
chosen must be adequate representations of the specific
words in question, and intelligence of the child should
not be a significant factor in his ability to recognize
and designate the pictures. If the above factors are taken
into account, the child's nonverbal performance on a picture
discrimination test may be interpreted as an indication of
the degree of discrimination ability.

Myatt and Landis (1963) studied four groups of twenty
children each: a normal group, a speech defective group,
an educable mentally retarded group (EMR), and a trainable
mentally retarded (TMR) group. Children in all groups had
normal hearing, as determined by audiomeric testing con-
sisting of pure tone sweep checks at fifteen decibles, and
speech reception threshold testing. The picture test in-
volved four pictures, of which the child chose the one
mentioned. The words were assembled into twenty groups
of four words each. The educable mentally retarded group had
the smallest number of errors. In considering the reasons
for this result, a study of the curriculum of the EMR group
showed that these children i.:are very much picture-oriented.
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Therefore, the EMR child habitually responded to pictorial
stimuli. The scores of the speech defective group and
the normal group were highly similar. The scores of the train-
able MR group were significantly lower than the score of the
other three groups. The moderately high positive correlation
of test scores with IQ for the TMR group and the absence
of a significant correlation for the EMR group suggested
that for children with above approximately fifty IQ, in-
telligence does not effect achievement on the picture test.

With regard to the reliability of hearing testing,
it should be noted that approximately between 23.5 per
cent and 29.0 per cent of those apparently of normal in-
telligence indicated errors greater than plus and minus
five decibels between the initial test and re-test
(Myatt and Landis, 1963). To investigate the question of
threshold among the retarded, Fulton and Graham (1964)
drew 51 subjects within the age range of ten to thirty
years randomly from the population at the Fort Wayne
State School. They ranged in IQ from borderline to severe.
Auditory thresholds at 1000 Hz were obtained on four tests,
with testing repeated at two week intervals for at least
six presentations. Decibel differences were calculated
between the base threshold (initial test) and all suc-
cessive thresholds. A mean dB difference was computed
for the first three thresholds and thq last three thres-
holds for each subject and compared with the remaining
individual test thresholds. Percentages of subjects with-
in groups having test re-test reliability better than
five decibels were determined. The results tended to
indicate that plus or minus five decibels test re-test
reliability is subject to the intellectual functioning
level of the individual tested. However the only sta-
tistically significant difference between IQ groups was
between the moderate and the severely retarded. The re-
lative lack of reliability with the moderately retarded,
and the frequent difficulty testing the severely retarded
may have accounted for these results. There was good re-
liability, i.e. five decibels or less, for the borderline
cases, but 35.7 per cent of the mildly and 53.3 per cent
of the moderately retarded indicated test reliability values
greater than five decibels.

Lloyd and Reid (1966) reported on the reliability
of SRT's obtained from a random sample of institutionalized
MR children covering the range of measured intelligence
levels up to 75, and a wide range of auditory sensitivity.
Subjects were tested with either the repeat-the-word or
point-to-the picture speech methods using selected spondee
words. Live voice procedures were employed. The right
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ear, left ear, and sound field SRT's were obtained. Better
test re-test agreement was found for higher level retardates
than lower level retardates. Clinically reliable SRT's
generally can be obtained from the moderately retarded
patients. It appeared that for most mentally retarded
subjects who could be tested with conventional forms of both
speech and pure tone audiometry, speech thresholds are
slightly more reliable than pure tone thresholds.

Lloyd and Melrose (1966) investigated the agreement
of pure tone and speech audiometry with mentally retarded
children. They used forty subjects from eight to fifteen
years old ranging in IQ from forty to sixty-nine. Thres-
holds for 500 Hz, 1000 Hz, and 2000 Hz, and pure tone
averages were obtained by four methods: standard, slide
picture show, ear choice and play. SRT's were: obtained
by standard and picture methods. All six audiometric
methods yielded reliable results with mentally retarded
children, reliable being defined as between .76 and .99
Pearson product-moment test and re-test correlations.

The previously reported adequate reliability for
speech audiometry with mentally retarded children (Lloyd,
1965; Lloyd and Melrose, 1966) was supported by Lloyd,
Reid, and McManis (1967) with twenty-four mentally retarded
subjects ranging in age from eight to 21 yearn of age.
They investigated the say-the-word and the point-to-the
picture methods. They found good test and re-test re-
liability, i.e. ,78, for one-day intervals with live voice
for both methods and no significant difference between
the mean SRT's. Lloyd and Melrose (1966b) obtained a
.92 correlation for reliability; however, their between-
test interval was only twenty minutes and they used a
recorded voice.

Relationship between Speech Hearing and Some Organic Variables

A legitimate concern about mentally'retarded children
involves identifying variables related to their speech
hearing performance. Subjects with a CA over twenty years more
often showed hearing impairment, particularly in the high frequen-
cy area, than those under twenty in a study by Schlanger
and Gottsleben (1956). Seventeen per cent of the population,
however, were non-testable. These subjects usually fell
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below an MA of five years, had personality disturbances
to varying degrees, and achieved social quotients below
forty. Watkins and Ryan (1966), in attempting to standard-
ize hearing tests on a group of 26 subjects, aged 5-11 to
11-4 and of IQ twenty-nine to fifty, found that MA did not
correlate significantly with pure tone hearing. Correlation
coefficients between hearing test scores and pure tone
three-frequency averages, and between SRT and hearing
test scores were significant at the .05 level. No
significant correlations were found between CA and any
of the test methods.

On a population of 638 girds from Laurelton State
Hospital, Siegenthaler and Krzywicki (1959), using the
better ear average threshold for each girl as a level
of hearing acuity according to pure tone testing from
500 through 2000 Hz, found no significant correlations
between age, IQ, and hearing loss. Johnston and Farrell
(1954), investigating the hearing of 270 subjects, found
no significant differences between the normal hearing
group and the hearing loss group in mean CA, IQ and length
of institutionalization.

However, Zaner et al. (1968), using fifty normal
subjects four to eight years old, found that auditory
perception (using pure tones with differing frequencies,
intensity, and varying duration patterns) followed a
developmental pattern. Unlike other studies of sensory
perceTtion, this one reported the greatest increase in
perceptibility between four and five and six and seven
year olds. Moreover, Siegenthaler and Haspiel (1966)
reported an age effect with respect of hearing ability
for both males and females.

Kennedy (1957) hypothesized that hearing was a
maturational phenomenon. Her sample consisted of 433
males and females aged six to twenty-three who ranged
in IQ from 97 to 149. She found significant pure tone
hearing differences between six and fifteen year boy
and girl groups; the same findings occurred between six
and eight year olds and between girls of eight and fifteen.
She concluded that hearing is a maturational process with-
out significant sex differences, and that this process
has spurts and plateaus rather than showing a straight
line function.

Relating to speech discrimination, Hutton and Weaver
(1959) investigated 53 public school students receiving
speech therapy and who had normal pure tone hearing, were
in grades kindergarten to twelfth grade and were of
normal intelligence. Word familiarity was varied as
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measured by the frequency of occurrence. The fifteen least
familiar words were less intelligible than the fifteen most
familiar words. Intelligibility increased with age, especially
for the least familiar words at lower age levels. Cohen and
Diehl (1963) found speech sound discrimination ability to be
related to grade level in children with severe articulation
problems from grades one to three. Speech sound discrimination
ability, according to the data, tends to improve with grade
level; however, the speech defective group performed inferi-
orly to normal-speaking children.

If the high incidence of hearing loss identified in the
mentally retarded population is, at least partially, the
result of retardation or of a word familarity factor, the
incidence of loss should be correlated with intelligence
in this group. However, Siegenthaler and Krzywicki (1959)
did not find the presence of hearing loss to be significantly
related to IQ. Product-moment and partial correlations
between hearing loss, IQ, and chronological age yielded
no significant relationships. (The restricted IQ range of
their group may also explain the lack of correlation in
part). Schlanger and Gottsleben (1954) also presented
data with similar implications. The incidence of hearing
loss was found to be 31 per cent in the mildly retarded
group; 20 per cent for the moderately retarded; 16 per cent
for the severely retarded; and 21 per cent for the pro-
foundly retarded.

Hence, a clear pattern of increasing incidence of
hearing loss from mildly retarded to severely retarded has
not been found. The pre-selection of cases for testing
as found in most studies may explain why the level of
retardation and the incidence of hearing loss have not
appeared to be related. Even though more subjects in the
lower IQ range might have been classified as having hearing
loss if tested, only the ones who were less apt to exhibit
hearing loss (because of adequate responses) may have been
tested, thereby avoiding an apparent high incidence of loss
(Webb, Kinde, Weber and Beedle, 1966). An appropriate
conclusion might be that hearing loss is high in retardates,
but not because of the retardation since hearing loss does
not increase as retardation increases. Perhaps the high
incidence usually found occurs as a result of the presel-
ection of patients for institutional placement. Another
possible explanation is that the effects of institutional
placement, in itself, may result in hearing loss or lack
of responses to sound. However, this second possible
explanation has not been substantiated by the results of
Webb, Cowie, and Beedle (1963), who found a correlation
of .37 between per cent of chronological age spent in an
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institution and number of observed responses to free
field live voice sound. The higher the per cent of his
life a patient had been in the institution, the more re-
sponsive to sound he was. Their interpretation of this
finding was that auditory stimulation may become more
meaningful with institutionalization, thereby arousing
the subject's attention more.

From the above studies it can be seen that the
significant variables possibly accounting for obtained
differences in hearing test survey results are chrono-
logical age, mental age, and criteria for hearing loss
(including the frequencies, intensities and number of
failures to respond). Other intervening variables are
the type of patients excluded from testing and the pro-
cedure for determining which patients would be considered
testable subjects.

While examiners who have used normal subjects have
frequently found lower IQ for those with poor hearing
(McKane, 1933; Oeron, 1950; Pinter and Reamer, 1920; and
Kishey, 1956), Luszki (1965) found that 117 mentally re-
tarded instiutionalized subjects, aged ten to forty, who
differed in degree of hearing impairment according to pure
tone tests, SRT, and speech discrimination did not differ
in the following: total WISC test score, total full scale
IQ, performance subtest scale scores, total performance
scale scores, total verbal scale scores, and verbal sub-
test scale scores.

Relationship between Intelligence and Physiological Factors

It is generally believed that intelligence is the
result of many factors which interact differently for any
one individual (Guilford, 1967; Tizard, 1965; Thorne,
1965; Jordan, 1966). Many of these factors, whether they
are genetic, environmental, and/or psychological, are also
responsible for determining the pattern of physical growth
and development for the individual (Tanner, 1962; Watson
and Lowrey, 1962). That intellectual and physical factors
have not been considered jointly is attested to by the
relative absence of physical growth data related to the
mental development of children and adults. Most studies
dealing specifically with the relationship between mental
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and physical development are over thirty years old or are
very limited in their coverage of either of the two para-
meters (Haas, 1969). Flory (1936) and Abernathy (1936)
studied the physical growth and development of mentally
retarded children. The latter study showed that the early
adolescence or puberty stage of development occurs later
and lasts longer for a mentally retarded group than for
the normal population. Flory's study was concerned with
the skeletal, dental and morphological development of
mentally retarded males. He found that the average physi-
cal growth rate is slower and the growth period is longer
for a mentally retarded group as compared to the normal
group. This decreased rate of growth was noted over the
entire age range from five to twenty-five years, and the
degree of mental development varied directly with the
degree of physical development.

Henderson (1970), in a review of studies of the re-
lationship between physical defects and mental age or
intelligence quotient, concluded that mental retardates
as a group have a high incidence of physical defects of
all kinds. Therefore, he felt that for differential
diagnosis of multiply handicapped mentally retarded
children (such as mentally retarded children with hearing
loss) more extensive and sensitive test procedures are
needed.

Kugel and Mohr (1963) reported that mentally retarded
subjects are not different from normals in height and
weight, or show only slightly retarded height and weight
development when the subject groups consist of large
numbers of children covering a wide age range and when
mental retardation is defined as from just below normal
IQ to severely retarded. This type of sample, consisting
of 550 girls and 522 boys covering the age range from
birth through late adolescence and including children with
IQ's from severely retarded through well above average,
was investigated by Dearborn and Rothney (1941). Partial
correlations, with CA held constant, between anatomical
measures and average IQ scores yielded correlations no
higher than .234 for a sample of 533 boys. Correlations
were calculated between several variables. Between height
and weight the correlation was .676; the correlation be-
tween intelligence and height was .224; and the corre-
lation between intelligence and weight was .137. A multiple
correlation between intelligence and height, weight, iliac
size, chest depth, and chest width was only .247.
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Mental and physical relationships have generally
correlated more highly among the feeble minded, and the
correlation is progressively greater for lower IQ groups.
The correlation between weight and height is greater for
those who have lower IQ (below one hundred) than higher
IQ (above one hundred). Correlations between height
and weight and for groups consisting of subjects who are
mentally retarded, normal or above average in IQ have
been around .15. For above average IQ groups the corre-
lation are .04 to .06; and for below average IQ groups
the correlations are .13 to .14 (Mudock and Sullivan,
1923). Doll (1916) found correlations among height,
weight and IQ from .31 to .47 for sub-normal and feeble
minded boys and girls.

Woodrow and Lowell (1921) and also Prescott (1923)
found low positive correlations between mental develop-
ment and stage of ossification of the wrist bone.
Prescott (1923) studied 3,050 six to eighteen year old
mental retardates, and Woodrow and Lowell (1921) five-
and-a-half year old mental retardates and normals with
similar results. Even lower, but still positive, re-
lationships were found between dentition and intelligence
(Woodrow and Lowell, 1927) and mental development and
pubescence (Leal, 1929).

Howe (1959) compared mentally retarded and normal
public school children, matched for CA, with respect to
performance on a variety of motor skill tasks. The
purpose was to relate intellectual test results and motor
performance. Forty-three retarded and forty-three normal
children, aged six to eleven, were included in this study.
The retarded children had a mean IQ of 67.5 for boys and
64.5 for girls. The normal children had a mean IQ of
99.9 for boys and 97.5 for girls. Normal children were
consistently superior to the mentally retarded on motor
skill tasks. For boys, the normal group was significantly
superior to the retarded group on all tasks. For girls,
differences favored the normal group for all tasks ex-
cept grip strength and accuracy in throwing a ball at a
target.

Auxter (1966) compared an intellectually typical
population composed of 35 boys aged nine to eleven, with
a mentally retarded population of 91 educable boys aged
nine to eleven. The mentally retarded group was divided
into 33 non-brain-damaged, 31 brain-damaged and 27 un-
differentiated boys. The ability to withstand the onset
of muscular fatigue was examined (i.e., the ability of a
group of muscles to maintain maximal functioning over a
period of time). The normally intelligent group performed
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significantly better than any of the MR groups, and the
non-brain-damaged group performed significantly better
than the brain-damaged or undifferentiated groups.

Klausmeir and Check (1959) investigated the relation-
shi-) among physical, mental and personality measures in
children of low, average, and high intelligence of about
9-4 years old. Their sample of sixty consisted of twenty
subjects of each sex of low IQ (55-80 full scale score on
WISC), of average IQ (90-110) and of high IQ (120 and
above). Measures of grip strength, height, weight, bone
development of the hand and wrist, IQ on the WISC, and
number of permanent teeth were obtained. Four physical
measures (height, weight, strength and carpal age) were
significantly related, although the correlations were
low. Number of permanent teeth did not correlate sig-
nificantly or consistently with the other physical measures.
Grip strength was the only physicza measure showing positive
and significant correlations (e.g., .39 to .54) with IQ
(for both sexes) . The low IQ group was lower than the
average and high IQ groups in grip strength. The children
of low IQ did not differ significantly from those of average
or high IQ in the following measures: weight, number of
permanent teeth, and carpal age.

Sex differences in dental maturation are slight, so
that for equivalent stages of development of permanent
teeth the average age of a girl is 95 per cent that of a
boy. For the maturation of the bones of the hand at a
given stage, a girl is 80 per cent as old as a boy.
Estimation of acr, by teeth is better than using hand x-
rays (Hunt and Gleiser, 1955).

Douglas, Ross and Simpson (1965) studied the relation-
ship between measured school ability, stature and sexual
development. Mosier et al. (1962) st,1died the development
of secondary sexual characteristics of mentally deficient
children. These two studies arrived at conclusions similar
to that of Flory (1936), and Abernathy (1936), both of whom,
as previously mentioned, had found that the average growth
rate is slower and the growth period is longer in the MR
than in normals.

Most of the previously mentioned studies have only
dealt with lower level MR children (i.e., less than one
per cent of the child population). Their retarded mental
and physical development may be due to a combination of
hereditory and environmental pressures. On the contrary,
the process of growth and development of the child who
falls into the 75 to 95 IQ range has been neglected in the
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literature. These dull-normal or borderline children,
although reared in an environment basically similar to
the normal child, may be influenced by some of the factors
that account for the low mental and physical development
of the lower IQ groups.

Brain injured children, have been mentioned in one
study previously, that of Auxter (1966). Grey, D'Asaro,
and Sklar (1965) investigated auditory perceptual thres-
holds in 48 brain-injured children, aged five to eight
years old, with IQ' ranging from 71 to 130. This study
was designed to determine how congential brain injury,
alone or in combination with sensory-neural hearing
impairment, affects figure-ground thresholds for speech
in young children. When brain injured and non-brain
injured children with equivalent hearing sensitivity are
compared, no significant differences occur in their re-
sponses to speech stimuli under optimal or difficult
conditions. The same is true of hard-of-hearing and of
non hard-of-hearing brain injured children. Pure tone
thresholds for 500, 1000 and 2000 Hz were used as a
measure of hearing acuity. Also, speech frequency
averages and speech perception thresholds in quiet were
obtained. The latter was obtained by having the subject
point to pictures. At least one aspect of auditory
perception in young children, word identification at
threshold levels, was unimpaired both for subjects with
congential brain injury and for subjects having brain
injury and hearing loss, even under different listening
conditions.

Sievens and Rosenberg (1960) found differences be-
tween brain injured and non-brain injured mentally retarded
children in language facility tests. The brain-injured
children had mare difficulty hearing fragmentary parts
of speech and Integrating them into wholes, reproducing
a series of meaningless sounds, perceiving grammatical
incongruencies, and hearing a fragment of any sentence
and supplying the necessary verbal symbols to make a
whole.
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Summary of Literature Findings

The audiologist needs adequate clinical tools for the
detection of hearing loss in children and adequate baseline
data for evaluating hearing test responses of the nentally
retarded. Incidence studies generally report a much higher
incidence of hearing loss among retardates than among normal
children. The incidence varies, however, with criterion
of hearing loss, sample selection procedure, intelligence
range, age, and type of testing procedure. The retardates'
performance is not inferior to normals on speech hearing
tests for threshold. Such tests appear to be a better indi-
cator of the ability to hear and interact with the environment.
Because it often is hard to separate symptoms of 'tearing
loss and of mental retardation, different stimuli have been
used to test hearing, aimed at making test procedures meaning-
ful and valid. Also, responses required of the subject have
been varied for the same purpose. Speech hearing testing
seems to be a valid technique to use with the intellectually
subnormal, not only to test hearing acuity but as an aid in
differential diagnosis. Clinically reliable SRT's can be
obtained from moderately retarded persons.

Several studies have reported non-significant re-
lationships between hearing acuity and age, IQ, and MA in
mentally retarded groups, but more heterogeneous or normally
intelligent groups have shown maturational factors operating
in hearing acuity. An age effect seems to occur in speech
hearing, also. Sex differences, however, are rare. Although
hearing loss is frequent in retardates, it does not appear
to vary directly with intelligence level.

Lower intelligence groups are found, however, to be
slower in physical growth and development, motor skill,
and strength development, and to have a higher incidence
of physical defects. With a heterogeneous sample in terms
of CA and IQ low positive correlations have been reported
between intelligence and height, weight, other anatomical
features, bone age, dentition and pubescence. All of these
correlations are somewhat higher for retardates than for
normal samples. Intra-physiological correlations are much
greater than correlations between intelligence and physio-
logical indices. A question still remains as to the re-
lationship between physical factors, hearing acuity, and
intelligence in intellectually dull-normal children.
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Context of the Present Study

The important place of speech reception threshold
testing and discrimination testing in audiological practice
is indicated by several authorities (Hirsh, 1952; Davis,
1947, and Newby, 1964). Audiological tests of speech
discrimination have been developed for use with children
(PBK and PBF word list) and have been demonstrated to be
applicable with children as young as eight years of age
(Siegenthaler and Hardick, 1959). However, a number
of studies have demonstrated that factors other than
phonetic balancing, such as word length, distinctive
features of phonemes, context, and word familiarity make
major contributions to intelligibility. For example, a
study by Owens (1961) which is representative of research
involving word familiarity, showed that the relative intell-
igibility of a word is related to the frequency of oc-
currence of that word in general usage.

A current need for mentally retarded children is
indicated by the following statement taken from what is
probably, to date, the most comprehensive study of hearing
testing among mentally retarded children.

Perhaps the most important aspect of
this study is to bring into serious auastion
hearing test procedures, as modified and
intended to be similar to those previously
defined by other investigators, when applied
to retarded patients. Multiple test ad-
ministration does not appear to be advisable
unless the tests are adequately evaluated on
the population to be tested in terms of test-
re-test interjudge reliability and the ability
to discriminate hard-of-hearing subjects from
behavioral categories with similar observed
characteristics. The major point is that
many of the test procedures, as evaluated in
this project, did not appear to result in
valid estimates of hearing ability when
applied to this population (Webb et al.,
1964) .
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The Pennsylvania State University Speech and Hearing
Clinic has completed investigations into two measures of
speech hearing in children: The Threshold of Identification
of Pictures test (TIP) which is used for measuring speech
reception threshold, and the Discrimination by Identification
of Pictures test (DIP) which is used for describing speech
intelligibility. Both of these tests are intended to
accommodate to the special problems found in the testing
of children with various kinds of hearing dysfunctions.
The TIP and DIP tests were developed under a two-year pro-
ject sponsored by the U. S. Office of Education (Siegenthaler
and Haspiel, 1966).

Haspiel and Siegenthaler (1968) engaged in another
USOE sponsored project for the evaluation of the TIP and
DIP tests with hearing-impaired children. Data from this
latter ject indicated the usefulness of the TIP and DIP
test as measures of speech hearing functions among hypacusic
children a' I sensitivity of both tests for detecting hearing
problems. Because of the underlying rationale, the con-
struction of the TIP and DIP tests, and their demonstrated
reliability and validity, they are believed to be significant
improvements over other threshold and discrimination tests
that are currently available for children. Past experience
with these tests has shown them to be helpful in overcoming
many of the difficulties in testing young children, and
thesB tests have been observed to be clinically useful for
testing the hearing functions of mentally retarded children.

The problem is not one of simply developing techniques
for obtaining responses from mentally retarded children.
The TIP and DIP tests for speech hearing are useable with
children having mental ages at least as low as three years,
and the state of the audiological art permits pure tone
testing with children this young in mental age. There is
a more important aspect, that of age base line against
which a given mentally retarded child's responses are to
be evaluated. Previous research indicates that hearing
for speech improves with maturation in normal children,
and the correct age base line should be used when evaluating
hearing test scores (Siegenthaler and Haspiel, 1966). Also,
it is often believed that among the mentally retarded,
problem-solving behavior tends to be characteristic of mental
age (Dunn, 1964). These two pieces of information suggest
that the speech hearing test scores for the mentally retarded
subject should be evaluated against his maturation level.
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Recently, however, some question has been raised
regarding the assumption that mental age is the determining
factor in the behavior of the mentally retarded. Involved
are such issues as the differential between MA and CA,
perceptual deficits which lower IQ scores but which are
accompanied by what may be essentially normal intelligence
in other areas, and physical maturation status, and it may
be expected that life experiences will influence test
behavior. Furthermore, speech hearing tests are designed
to be relatively free from sensitivity to intelligence and
such tests may not be typical problem-solving tasks.
The hearing process involves both a cortical level of
understanding and interpretation, as well as a sensory
process level dependent upon physical status which, es-
pecially among the mentally retarded, may or may not be
consistent with chronological age. Thus, the possibility
exists that among mentally retarded children there is a
more complex factor than only mental age (assuming normal
hearing acuity) which influences test score. It is reason-
able to suggest that there may be interaction between.
MA, CA and IQ as well as physiological maturation status,
and if present that this interaction should be taken into
account when interpreting the auditory behavior of the
mentally retarded.

The present project considered certain maturational
and intellectual factor7, and the possible interplay among
them as they are related to speech hearing ability ( speech
reception threshold and speech discrimination) among educ-
able mentally retarded and borderline intelligence children
without hearing loss. This aspect of the mental retardation
problem, especially as related to hearing (with absence of
frank ear pathology in the usual audiological or otological
sense) has heretofore been unexplored.

Statement of Problem

The general purpose of this study was to investigate
the relationships among mental age (MA), chronological age
(CA), intelligence quotient (IQ), physiological age (PA),
and speech hearing ability (threshold, and discrimination)
among children with less than normal intellectual ability
in the borderline and ed'icable range.
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CHAPTER 3

METHODS

Test Descriptions

The Wechsler Intelligence Scale (WISC) for children
(Weschsler, 1949) consists of twelve tests which are divided
into two subgroups identified as Verbal and Performance.
Most of the verbal tests correlate better with each other
than with tests of the performance group. The tests of the
scale are grouped as follows: information, comprehension,
arithmetic, similarities, vocabulary, digit span; performance:
picture completion, picture arrangement, block design, object
assembly, coding, and mazes. In standardization of the WISC,
all twelve tests were given to every subject, but in the
interest of shortening the time required for examination,
the scale is reduced to ten tests. Ordinarily, five verbal
and five performance tests are administered to the subject
and IQ values are calculated on this basis. This procedure
was followed in the present study. (The two tests omitted in
establishing the IQ tables are digit span in the verbal part
and mazes in the performance part of the examination.)

Reliability coefficients of the individual tests and of
the verbal, performance, and full scale scores have been pre-
sented by Wechsler (1949) for ages 7 1/2, 10 1/2, and 13 1/2
years. Individual test reliability coefficients ranged from
the .60 to .90, while full scale verbal and performance re-
liability coefficients are quite high, ranging from .88 to
.96. The standard error of measurement for the verbal IQ of
the seven and a half year old is 5.19, which indicate4 that
the true IQ is probably within five points of IQ of the ob-
tained score.

The Threshold by Identification of Picture Test (TIP) is
for measuring speech reception threshold (SRT). Form A of
this test is composed of a set of six cards, approximately
twelve by fifteen inches, carrying five pictures in color
per card (e.g., fish, house, shoe, doll, comb). The specific
test items have been chosen by previous research for
familiarity to children, to he unambiguous in name and to
have specific degrees of audibility. All appear among the
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first five hundred words of Basic Vocabulary for Elementary
School Children by H. A. Rinsland, New York: Macmillan, 1945.
The first card is for practice and the remaining are test
cards. Words (pictures) on a card are called to the subject
at decreasing sound levels. Responses over the five test
cards are used to obtain speech reception thresholds. The
research data and the test materials were developed under
U. S. Office of Education contract No. 0E5-1-003 completed
June 1966 (Siegenthaler and Haspiel, 1966). The standard
error of estimated for TIP thresholds is 3 dB; i.e., two-
thirds of the retest thresholds will be expected to fall
within 3 dB of initial test thresholds. The TIP test
protocol appears as Appendix B.

The Discrimination by Identification of Pictures (DIP)
test is for measuring speech discrimination (also called
speech intelligibility in this report). The DIP test is com-
posed of 52 cards (four practice and 48 test items), twelve
by fifteen inches in size, with two pictures per card. The
subject is told to indicate one of the items on each card by
"Point to the " according to the prepared test protocol.
After each item, the card is turned, exposing the next pair
of pictures. Sound level for test words is at sensation
level of choice, in the usual manner for intelligibility
test of hearing. The pictures are things familiar to children,
unambiguous in name, and arranged in pairs to be different in
the phonetic factors of consonant voicing (e.g., pear, bear),
of transition (e.g., peas, keys), of pressure pattern of con-
sonant (e.g., hat, cat), or a combination of these phonetic
factors. All words appear in the Teachers Workbook of Thirty
Thousand Words (E. Thorndike and I. Lords, Teachers College,
Columbia University, New York, 1944) among the "most familiar"
category. Scoring is according to correct or incorrect selec-
tion of the item called in each pair, and provides an overall
per cent correct. The test materials were developed at Penn
State under U. S. Office of Education contract #0E5-10-003,
completed June 1966 (Siegenthaler and Haspiel, 1966). Three
forms (sets of call words) are available. The DIP test pro-
tocol appears in the Appendix C.

ADMINISTRATION OF TESTS

All intellectual evaluations were administered individ-
ually by a qualifi d school psychologist in a quiet, dis-
traction-free rbor it the school which the child attended.
The hearing testing also was done at the school which the
child attended for most of the subjects. An effort was made
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to find the quietest room within the building; in most cases
this room consisted of an empty classroom or a large supply
closet, Some of the children were given the hearing tests
at the Penn State campus using the Speech and Hearing Clinic
audiology rooms.

Most of the physiological age testing was done at the
Laboratory for Human Performance Research at Penn State Uni-
versity. However, the physiological test for fifty per cent
of the institutionalized populations was at the institutions,
with the necessary equipment transported to each site,

For SRT and speech discrimination testing the child was
seated comfortly before a small table, the test materials
were placed before him, and the examiner sat beside him with
the scoring sheet, monitoring earphone, and tape-transport
switch in his hand. In all cases, the examiner allowed the
child to see all of the TIP and DIP pictures to make certain
that they were known to the child. For any child who could
not identify a particular picture, the examiner told him what
the picture was and his understanding was verified before
testing began. The child was instructed to respond to a
given test item by pointing to the picture of the word he
thought he hearth No items were repeated during the testing.

For the TIP test the child was presented one card at a
time and told "Point to the " according to the prepared
test protocol using the speech audiometer tape playback.
Five responses are obtained using the pictures on a card.
After each item, the examiner's voice level (tape-recorded)
was reduced five decibels. The first item on each card was
at the original beginning level. The test obtains twenty-
five responses from the five cards and permits obtaining of
the decibel level for fifty per cent threshold using either
a graphic or a tabular method. Form B protocol is admin-
istered in the same way as Form A, but different picture
items are used.

In DIP test administration, the examiner begins by mon-
itoring the voice signal at VU 0 dB and continues adminis-
tering the test items without changing presentation level to
complete all four practice items and the forty-eight items
on the form. Each item is called only once. The DIP test
was administered at 0,5 and 10 decibels relative to each
subject's individual SRT level. The standard error of
measurement is 4.8 items (ten per cent) for the DIP test.



Hearing Test Equipment and Recording:::

For the present purpose, tape-recorded versions of the TIP
and DIP tests were used. Copies of master tapes were made and
used for experimental testing.

The apparatus consisted of an Ampex 620 series tape trans-
port and amplifier (only one channel used). The output signal
was monitored by a Ballentine VTVM and fed to a Deven decade
attenuator box (X10, Xl, and X.1 dB steps) and a pair of
binaural matched Telephonic earphones (Model TD39) in MX41/
AR cushion with headband. The systr was calibrated for
sound pressure level re .0002 dy/cm . This equipment was used
for testing in the field. Testing in the Clinic was done by
feeding the signal through a Grason Stadler speech audio-2
meter to earphones, also calibrated in SPL re .0002 dy/cm .

The recording of each TIP and DIP test word, preceded by
the carry phrase "Point to the " was done in a quiet sound-
treated room with all words monitored at VU 0. The tape record-
er was an Ampex 620 series with amplifier and Electrovoice
Model 633 dynamic microphone. By re-recording, each word
was brough within one decibel of the monitoring level. The
final equalized tape was copied back onto the Ampex 620 tape
recorder to produce a master tape, with 1000 Hz tone at the
same VU meter level as the test words. TIP tests were made
with progressive 5 dB attenuation after each of the five items
for a test card, Each test card series began with the standard
beginning level of 0 attenuation.

DIP items were all recorded without attenuation because
the DIP tests were to be given at intensities that were relative
to the SRT values determined by the TIP test. Either TIP
Form A or Form B was recorded at the beginning of the test
tape, and followed by three DIP test forms. The last DIP
form was followed by the TIP test form which did not appear
at the beginning of the tape. The order of the TIP Forms A
and B and DIP Forms 1, 2, and 3 were rotated among several
tape recordings but DIP Forms 1 and 2 were never adjacent to
each other, Four test sequences were generated. The sequences
of the tests on the final tape recordings were: Sequence 1
(TIP A, DIP 1, DIP 3, DIP 2, TIP B); Sequence 2 (TIP B, DIP 1,
DIP 3, DIP 2, TIP A); Sequence 3 (TIP A, DIP 2, DIP 3, DIP 1,
TIP 3); Sequence 4 (TIP B, DI:- 2, DIP 3, DIP 1, TIP A). The
various TIP and DIP sequences, as prepared on tape recordings,
were rotated as subjects were tested to minimize order effects,
even though previously this was shown to be minimal previously.
The DIP test forms were administered at three dB levels relative
to the subjects' initial speech reception threshold with the
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TIP test: SRT, SRT +5 dB, and SRT +10 dB. The three DIP test
decibel levels were rotated among subjects to minimize further
order effects.

At the beginning of each TIP-DIP testing the 1000 Hz tone
was adjusted to a voltage setting determined by previous
calibration to give a known sound pressure level of test word.
Attenuation was done from that reference point and was ac-
complished by the 10 dB and 1 dB step intenuators. Each suc-
ceeding test list was checked for 1000 cycle tone calibration
at the reference voltage.

The equipment2 and test recordings were calibrated ref-
erence .0002 dy/cm because of the ease with which such cal-
bration could be done. The experimental design did not in-
tend to be concerned with hearing acuity or discrimination
score among the retarded as a primary consideration. Rather
the interest was in how hearing abilities related to other
measure:, so that for the present purposes actual hearing
levels or discrimination scores as compared to normal in of
little interest.

Subjects

School districts in Centre and Clearfield Counties agree-
int to participate in the projects were the primary source of
subjects. These districts were especially accessable because
of proximity to Penn State and personal relationships with the
school staffs. The two state residential insititutions en-
rolling mentally retarded boys and girls closest to Penn State
were at Cresson and Selingsgrove, Pa., and the staffs there
agreed to allow their children to participate. Appropriate
administrative personnel were contacted for each school dis-
trict or institution included in the study first by mail or
telephone and then by personal interview. The following steps
were taken after a school agreed to participate:

1. Children for the present study were from the following
locations: the elementary and junior high schools in
Bellefonte, Pa. and from the elementary and secondary
special education classes within the Bellefonte dis-
trict, five elementary schools within the city of
Clearfield and two special elementary classes which
service all of Clearfield County; Our Lady of Victory
Catholic Elementary School in State College, Pa. and
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educational programs within the state institutions
at Cresson and Selingsgrove and Penn State University.

2. Records of children on file within the cooperating
schools and institutions were screened to find
subjects who satisfied the following preliminary
criteria for inclusion:

a. appropriate age: 6 years 0 months to 16 years
11 months (age taken to nearest birthday)

b. no peripheral hearing level greater than 25 dB
(ISO 1964) at any frequency 500, 1000, 2000,
and 4,000 Hz in either ear.

c. School-administered intelligence tests indicating
an IQ of less than 95, but more than 44, and
confirmation from teachers, in most cases, that
the child was doing below grade level work in
comparison to normal children of the same CA.
(Because various types of tests were used in the
different schools, the IQ of 95 was used as an
upper limit to increase the probability for in-
clusion of potential subjects of probable be-
low normal intelligence.)

d. No significant visual, neurological, motor, phy-
sical, or emotional problems as indicated by
teachers or by school records.

3. Permission was obtained from parents to allow their
children to participate in the study. This was ac-
complished by a home visit in which the entire pro-
ject was explained and during which a signed release
form was obtained. Attached to the release form was
a sheet asking for additional information dealing
with the child's general activity level and health.
Questions such as, "Is he ever short of breath other
than after hard exercise?" Where answered by "Yes"
explain. (See Appendix A for the release form)

4. The Wechsler Intelligence Scale for Children (WISC)
was administered to each child by the project staff.
A full scale IQ of less than 90 was used as an upper
limit for inclusion into the study as part of the
intellectually subnormal sample. Thirty-nine children
who achieved IQ of 90-114 were included in the normal
IQ subsample.

5. Estimates of visual defects were obtained from either
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recent school records or from an on-site check
using a Snellen eye chart. Children having 20/20
vision only were included in the study. An audio-
metric sweep check administered by project staff
was passed by each subject at 20 dB (ISO 1964)
across at least two of the frequencies 500, 1000,
2000 Hz both ears.

6. Each child was given a follow-up pure tone threshold
test in each ear by air conduction for the audio-
metric octave frequencies of 125 through 8000 Hz.
All tests were done using a descending-ascending-
descending series of tone levels at 5 dB intervals,
with threshold as the lowest level at which at
least two of three tones were heard. A Maico MA-2
or Beltone Model 15 audiometer was used for all
testing. Bi-weekly calibration checks were made,
using a Bruel and Kjaar audiometer calibration
system Model 158.

7. The Threshold by Identification of Pictures (TIP),
and the Discrimination by Identification of Pic-
tures (DIP) tests at SRT, SRT +5 dB, and SRT +10
dB were administered to ea h child binaurally under
earphones using tape recorded ma erials.

8. For every child accepted as a subject, a Physical
examination report was obtained from a medical
doctor - e.g., family physician, school physician,
or a project medical consultant. Only one child was
found to have physical or health difficulties which
would prohibit strenuous exercise, and he was exclud-
ed.

9. Children were brought to the Laboratory for Human
Performances Research at Penn State Universiry for a
series of physiological age tests. These included
anthropometric measures, x-rays of the wrist (to
determine bone age), strength age, and other mea-
sures taken during strenuous walking on the pro-
gressive treadmill. Another physical examination
by a physician on the Laboratory staff was done be-
fore permitting physiological age testing.

Although the intent was for the tests to be administered
in the order listed above, scheduling difficulties made a
precise sequencing impossible. For example, in some cases,
audiometric testing was done prior to intelligence testing,
or physiological testing was done earlier than planned.
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Originally 419 potential subjects were identified (251
males, 168 females) according to school or institution records
as having IQ less than 95 and more than 44, as well as having
the criteria for inclusion. Table 1 shows the disposition of
these potential subjects.

The completed experimental sample consisted of 209 sub-
jects, those on whom at least two of the three test procedures
could be obtained (intelligence, TIP-DIP, physiological age).
Of these, 122 were male and 87 were females. A comparison of
test results on at least two of the different test areas could
be made even for the subject who has missed one test pro-
cedure.

Table 2 shows the distribution of experimental subjects
by age and sex.

Table 3 indicates the ranges and means for CA, MA, and
IQ of the sample. In the original design of this study subjects
with IQ over 90 were not to be admitted. As the field test-
ing for intelligence was begun such children appeared and
were rejected even though the school records indicated other-
wise. Approximately midway in the project, as the data began
to be available in all of the experimental testing areas, this
type of child was reconsidered, and there appeared to be
scientific merit in including a group of them: (a) they were
considered to be lower in intelligence by school personnel
and they tended to function at this level of expectation, (b)
in audiological practice such children would be seen for hear-
ing testing and experimental data involving them would be of
interest, and (c) including them would provide a wider range
of IQ and other test scores, increasing the likelyhood of
the data to produce information of interest to the purpose of
the project. Therefore, some subjects were admitted on the
basis of school records showing IQ levels below 90, but IQ
level as measured by the project staff to be over 90. These
subjects, also giVen either physiological age or hearing
tests, are included in Table 3.

Table 4 shows the same data for the eleven subjects with
confirmed organic signs for MR, and also for the 36 subjects
drawn from residential institutions (including the eleven or-
ganic subjects).
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Table 1. Disposition of subjects considered for experi-
mental testing.

Eligible S's, based on
school or institution
records

Parents contacted

Parents refused

Intelligence tests admin-
istered

Failed physical examination
by physician or had physical
defect (previous record)

Hearing screening test at 20
dB

(a) Not Tested
(b) Passed
(c) Failed

TIP-DIP tests administered

Physiological age tests
(a) Tested
(b) Not-tested because

of absence, parental
refusal at Laboratory,
ran out of time, etc.

(c) Eliminated by previous
procedures (e.g., high
IQ, failed hearing
test, etc.)

Accepted for this study, and
completed at least two of
three tests (intelligence,
hearing, physical age )

Total

251 168 419

214 142 356

29 16 45

166 131 297

9 6 15

91 65 156
139 85 224
24 15 39

98 73 160

98 76 174

94 60 154

56 35 91

122 37 209
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Table 2. Distribution of 209 experimental subjects by age
and sex.

Age in Yaars(to nearest birthday)

6 7 8 9 10 11 12 13 14 15 Total

Male 6 7 16 13 15 11 21 15 12 2 118

Female 12 10 10 12 6 11 8 13 9 0 91

Total 18 17 26 25 21 22 29 28 21 2 209
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Table 4. Means and ranges of CA, MA, and IQ for the organic
type and the institutionalized subjects.

Organic
(N 11)

Institutionalized
(N 36)

Range M =an Range Maan

CA 8.0-15.2 12.2 6.6-15.2 12.4

MA 5.9-11.8 8.1 4.4-11.7 7.7

IQ 45-93 67.4 44-87 61.7
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Data Tabulation

The following information was obtained for each child
and was entered on a set of two IBM cards for each subject,
verified and, together with appropriate computer program
cards, entered into the Penn State's IBM Computer System
360.

Identification number of the subject.

Sex.

Chronological age determined by the time of the
physiological testing or, in cases where no
physiological examination was administered,
determined at the time of intelligence testing.

An indication of whether the child was organically
impaired or not, and institutionalized or not.

IQ scores: Verbal, Performance, and Full-Scale.

Mental ages: Verbal, Performance, and Full-Scale.

Pure tone threshold. (Two-frequency average for
500, 1000, and 2000 Hz.)

TIP A (i.e., threshold value in dB re .0002 dy/cm2).

TIP B (i.e., threshold value in dB re .0002 dy/cm2).

TIP Mean (average of the threshold on TIP A and TIP. B).

TIP testing seq-lences.

TIP slope (slope expressed as change in number of
items correct per dB change in signal level over
middle of the TIP test intelligibility curve drawn
graphically for each subject).

DIP 0 score (number of items correct at SRT level).

DIP 5 score (number of items correct at SRT plus
five dB).

DIP 10 score (number of items correct at SRT +10 dB)
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DIP testing sequence.

DIP lo slope (obtained by subtracting the num-
ber correct at SRT from the number correct at
threshold plus five dB).

DIP hi slope (obtained by substracting the num-
ber correct at threshold plus five dB from the
number correct at threshold plus ten dB).

Secondary sex characteristic score Obtained
by multiplying the stage of breast/genital
development by the stage of pubic hair develop-
ment; these stages were represented by numbers
from one through five, one being the least ad-
vanced development, and then adding one or zero
for boys for larynx or absence of larynx dev-
elopment and adding one or zero for boys and
girls for absence or presence of auxiliary hair;
for females, instead of the larynx score, there
was a menarche score from zero through five:
zero representing the absence of menarche and
one through five indicating the age of ap-
pearance of menarche; the secondary sex score
obtained through this formula could range from
zero through thirty).

Strength age (obtained through norms published
in 1935 by Meredith for boys and Metheny for
girls. These norms converted strength in kilo-
grams to age norms; the table showed an average
grip strength at various ages from three through
eighteen; the norm of the table was obtained
on 4999 boys and 4787 girls at a private school
in Iowa City.)

Relative weight (obtained by dividing the actual
weight of the child in kilograms by the table
weight; the table weight was the weight obtain-
ed from the Stewart-Marith Tables (1946); the
table presents age norms fcr height in centi-
meters and weight in kilograms for ages 5
through 18 years; the data were collected between
1930 and 1945 and were based on 3771 measurements
of several hundred Iowa City boys and girls of
Northwest European ancestory, who attended the
University of Iowa Experimental Schools).

Ideal weight (used as the basis of weight age;
the ideal weight was obtained by taking the
weight of the child times the per cent of fat,
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yielding the kilograms of fat; this was subtracted
from the child's weight, yielding fat-free weight;
the ideal weight is fat-free weight plus fourteen
per cent of the fat-free weight (for both girls
and boys); this weight was used in referring to
the 50th percentile age norms of the Ste-w-rt-
Meredith Tables to obtain a weight age).

The same procedure was used to obtain a height age,
except that the child's actual height was used when
referring to the tables to obtain the fiftieth
percentile age norms for that height.

Bone age (obtained from age norms for hand x-rays).

Dental age (obtained by counting number of
permanent teeth errupted).

Thus twenty-five variables were included on the IBM c,rds
(plus a number indicating the card identification, i.e.,
whether the first or the second card for a subject was re-
presented) .
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CHAPTER 4

MEASURES OF PERFORMANCE AND RELATED
PHYSIOLOGICAL CHARACTERISTICS

(O. Bar-Or, J. Skinner, V. Bergstein,
J. Haas, C. Shearburn, and E. Buskirk,
of the Laboratory for Human Performance Research
The Pennsylvania State University)

Methodology

General Procedure. When the children arrived at the Laboratory for
Human Performance Research they were introduced to the staff
were given a tour of each of the rooms they would visit,
and an explanation was given as to what would happen (type
of measurements, kind of exercise, etc.) during that day.
After the brief introduction, each child was given the
following: physical examination, body measurements, x-rays,
strength tests, and an exercise test. Each child learned
how to walk on the treadmill before the exercise was given.

Physical Examination. All children included in this study
had had a Preliminary medical examination by their school
physician, family'physician or a project consulting physician.
The physician's permission was obtained before they partici-
pated in the study. Before being allowed to exercise on the
treadmill they were again examined by the Human Performance
Laboratory staff physician to exclude any with a medical or
orthopedic condition not previously dekected which would
modify their response to the exercise or which might affect
their health if they exercised. Any child with an infectious
disease, acute or chronic respiratory infection, congenital
heart defect (which limited his physical activity or was
accompanied by cyanosis), or history of rheumatic fever com-
plicated by heart involvement was excluded from exercising
on the treadmill. Orthopedic problems which reduced coordi-
nation enough so that the child could not walk freely on the
treadmill or coulc not obey simple instructions while exer-
cising were also reasons for exclusions from this part of the
study. Examples included: spasticity, leg paralysis, markedly
dystrophied leg muscles, or marked distortions of the rib
cage or spine. A history of convulsions which required med-
ical treatment also excluded the child from the exercise
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portion of the study. Any child who refused to participate
in the exercise was not required to do so.

Dentition. The teeth of all children were examined by the
staff physician using a dental mirror. The deciduous and
permanent teeth were classified according to their size,
shape, number of cusps, and color of the enamel. The number
of deciduous and permanent teeth was noted and the dental
age was evaluated from the number of permanent teeth according
to Tanner (1962), separately for boys and girls. Just erupted
teeth, carious teeth, and extracted permanent teeth (if the
extraction was affirmed by the child) were included in the
evaluation.

Secondary Sex Characteristics. In boys, larnyx enlargement
was judged according to the prominence of the thyroidal car-
tilage, presence or absence of axillary hair was noted and
the genital development and pubic hair were judged according
to the five stages listed by Tanner (1962):

Genital Development

Stage 1. Pre-adolescent. Testes, scrotum and penis are about
the same size and proportion as in early childhood.

Stage 2. Enlargement of scrotum and testes. The skin of the
scrotum reddens and changes in texture. Little or
no enlargement of penis.

Stage 3. Enlargement of penis, which occurs at first mainly
in length. Further growth of testes and scrotum.

Stage 4. Increased size of penis with growth in breadth
and development of glands. Further enlargement of
testes and scrotum; increased darkening of scrotal
skin.

Stage 5. Genitalia adult in siz; and shape.

Pubic Hair

Stage 1. Pre-adolescent. The vellus over the pubes is not
further developed than that over the abdominal wall,
i.e., no pubic hair

Stage 2. Sparse growth of long, slightly pigmented downy hair,
straight or only slightly curled, appearing chiefly
at the base of the penis or along the labia.

Stage 3. Considerably darker, coarser and more curled. The
hair spreads sparsely over the junction of the pubes.
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Stage 4. Hair now resembles adult in type, but the area
covered by it is still considerably smaller than
in the adUlt. No spread to the medial surface of
the thighs.

Stage 5. Adult in quantity and type.

For the girls, presence or absence of axillary hair was
noted and pubic hair was evaluated in the same five stages
as for the boys. Beginning at the age of 9 years, each girl
was questioned as to whether she had experienced menarche
and the age of its occurrence. In addition, the breast
development was evaluated in five stages according to Tanner
(1962) :

Stage 1.

Stage 2.

Stage 3.

Stage 4.

Stag. 5.

Breast Development

Pre-adolescent: elevation of papilla only.

Breast bud stage: elevation of breast and papilla
as small mound. Enlargement of areolar diameter.

Further enlargement and elevation of breast and
areola, with no separation of their contours.

Projection of areola and papilla to form a secondary
mount above the level of the breast.

Mature stage: projection of papilla only, due to
recession of the areola to the general contour of
the breast.

Skeletal Age. Skeletal age was assessed by the Tanner-White-
house Method (see Tanner, Whitehouse and Healy, 1961; and
Tanner and Whitehouse 1959). Posterior-anterior radiographs
of the left hand and wrist were made with the use of a portable,
15ma x-ray machine at a focal distance of 40 inches and 55 Kv.
These radiographs were inspected and scored in terms of the
degree of osseous development of seven round bones of the
wrist and the epiphyses of the ulna, radius and eleven selected
metacarpals and phalanges. The scoring system was based on
the degree of development of these twenty osseous centers as
they passed through eight distinct stages of growth and dif-
ferentiation. The highest attainable score for the entire
hand-wrist complex was 1000 points which represents the adult
stage of development. This score of 1000 can be interpreted
as a maturity index which represents 100 percent skeletal
maturity. The carpal (round) bone score represents one-half
of the total maturity score and the long bone score repre-
sents the other half. The more reliable maturity indicators
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are weighted more heavily in the scoring. The total maturity
score is then converted to skeletal ace with separate conver-
sion tables for boys and girib to account for the different
rates of growth that exist between the sexes.

Physiological Development Index. As a mbns of estimating the
physiological development of each chila the following formula
was constructed:

(0:6 Skeletal Age) + (0.1 Dental Age) + (0.1 Strength
Age) + (0.1 Height Age) + (0.1 Weight Age) + Secon-
dary Sex Characteristics Correctior Factor

Skeletal age was determined by the Tanner-Whitehouse method
and dental age was determined by the Tanner method. The
other ages were determined by locating the age at which the
median value for strength. height. or weight was the same aa
the actual value obtained on each subject. The norms used
for grip strength werz., those of Meredith (1935) for boys and
of Metheny (1941) for girls. Height and weight normr., used were
those of Stuart and Meredith (1946),

The correction factor was based on the number of points
given for secondary sex characteristics of the subjects. For
boys, these points were obtained by multiplying the stage of
genital development (1-5) by the stage of pubic hair growth
(1-5) and by adding one point if axillary hair was present
and one point if larynx enlargement had occurred, The pos-
sible range was from 1-27. With girls, the points were ob-
tained by multiplying the stage of breast development (1-5)
by the stage of pubic hair growth (1-5) and by adding one
point for presence of axillary hair and adding 0-5 points
for age at menarche (5 at age 9, 4 at age 10, 3 at age J...., 2
at age 12, 1 at age 13, and 0 at age 14+). The range possible
for girls was from 1-31. The correction factor was then
based on the total number of points obtained: For 1-5 points,
C.5 years was subtracted from the composite age derived by
the above formula; for 6-10 points, no correction was made;
for 11-15 points, 0.5 year was added; and for more than 15
points, 1,0 year was added.

Anthropometry. During all body measurements the boys wore
only underpants and the girls wore underpants and shirts.
In addition to height and weight, various measurements were
taken and recorded.

1. Anthropometer: arm span, sitting height, upper aria
length, lower arm length, hip breadth, shoulder
breadth, transverse chest diameter, chest depth,
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and head height.

2. Tape: circumferences of the head, chest, upper
arm, and wrist.

3. Skinfold calipers: chin, right upper arm, right
forearm, left wrist, right ,3ubscapular, and right
calf.

Roentgenogrammetric Method for Brachial Tissue Analysis. For
determination of the inner upper arm composition from differ-
ential density of the tissues, standardized lateromedial radio-
graphs were made of the brachium. Tls radiographic method
included a focal distance of 36 inches and used a portable
x-ray machine of 15ma. The general procedure followed that
established by Baker, Hunt and Sen (1958). Transverse di-
ameters of the radiographic shadows of its chief tissues.
perpendicular to the shadow of the humerus, and at a point
halfway from the olecranon to the acromion were recorded to
the nearest millimeter with a dial Helios caliper.

These measures included the total diameter of the
brachium, muscle-humerus diameter, humerus diameter, and mar-
row. The fat diameter was obtained by subtracting the muscle-
humerus diameter from that of the total brachium, while the
muscle diameter was obtained by excluding the humerus diameter
from that of the muscle - humerus. By excluding the marrow dia-
meter from that of the humerus, the cortical bone was deter -
mined. Assuming that the tissue masses were concentric cyl-
inders (Baker, Hunt and Sen, 1958), these diameters were
then converted into areas of cross-section, utilizing the
formula:

Tr
A

4
d
2

where A represents the area of cross-section, Tr equals-3.1416
and d is any of the brachial diameters listed above.

Strength Testing. Every child participating in the experi-
ment was given two strength tests. They were instructed in
advance to try to pull or squeeze as hard as possible in all
tests.

(1) Grip Strength - The grip strength of both hands was mea-
sured on a grip dynamometer which was adjusted to the size of
each child's hand. Two trials were given with each hand and
the higher value was recorded.

(2) Elbow Flexion - With the subject in a sitting position,
the elbow flexion strength of the right arm was measured four
times using an isometric gauge dynamometer. The upper arm
rested parallel to the floor on an adjustable platform an,.:1
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the forearm was strapped to the lever arm of the strain gauge
at an angle of 90 degrees to the upper arm. On command, each
child flexed his forearm against the bar of the strain gauge.
The highest isometric force was measured and converted into
kilograms.

Exercise Testing. The boys and girls were divided into four
groups according to their age (Group I included children 6.0-
7.9 years; Group II, 8.0-9.9; Group III, 10.0-11.9; and Group
IV, 12.0-15.5 years.) IJach child then underwent one test a-
mong three different types to determine his maximal oxygen
consumption. The assignment of children to a particular test
procedure was randomized as follows: the first child in each
age group underwent test type A; the second child, test type
E; the third child, test type C; and the fourth child, test
type A to begin the assignment cycle again.

Prior to the beginning of the work tests, each child was
given instructions and a few minutes of practice to get ac-
customed to walking on the treadmill and wearing the apparat-
us to collect expired air. After it was determined that each
child was able to walk on the treadmill comfortably, he was
asked to rest for several minutes, during which time the test
procedure was explained, After the explanation, each child
was given a warm-up period of three minutes (3.5 mph, 7.5%
grade). Heart rate was monitored near the end of each minute.
This warm-up period was followed by a four-minute rest period,
after which each child underwent one of the three tests to
determine maximal oxygen consumption.

In test type A, the first work load was 3.5 mph, 10%
grade; this was increased by 2.5% at the end of each two-
minute period until the subject reached a self-imposed max-
imum. Heart rate was recorded near the end of each minute
and a sample of expired air was taken during the second minute
of each work load,

Test type B used the same procedures as
cept that the grade was increased at the end
minute period. Heart rate was recorded near
minute and samples of expired air were taken
second and third minute of each work load.

those in A, ex-
of each three-
the end of each
during the

In test type C, the subject walked for four minutes at
3.5 mph, 15% grade after the initial warm-up. If the subject
completed the four minutes he rested for ten minutes, after
which he walked for four minutes at 17.5% grade. Thus, the
grade was increased by 2.5% after each four-minute period
(with ten minutes of rest between each work load) until the
subject reached a self-imposed maximum. Heart rate was re-
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corded near the end of each minute of exercise and samples
of expired air were taken during the second, third and
fourth minutes.

All subjects were verbally encouraged to continue as
long as possible when they were approaching their maximum so
that valid criteria for reaching a maximal oxygen intake
could be reached in as many subjects as possible.

Results

Ph sical and Mental Characteristics. Chronological age, den-
tal age, and skeletal age were similar for boys and girls at
all ages (see Table 5). On the other hand, there were sig-
nificant differences between chronological age and the esti,-
mate of physiological development,. On a group basis, this
index was significantly lower for all subjects and all boys.
When values were compared at the different age groups the
index was lower in boys 6 to 11.9 years old and in girls 8
to 9.9 years old; little difference was found in either sex
at ages 12 to 15.5 years. Since there were no differences
between chronological age and the more commonly employed in-
dices of physiological age (i.e., dental and skeletal age),
chronological age was used to classify the children in most
of the subsequent analyses.

In Table 6 the height, weight, percent body fat, and IQ
of the subjects are listed. When values for height and weight
were compared with those obtained on other retarded children
and on a sample of normal children (see Figures 1 and 2),
there were insignificant differences among the three groups.
The average IQs of the children in this investigation were
around 90 in boys and girls aged 6 to 7.9 years; these de-
creased significantly to approximately 72 in the children
who were 10 to 15.5 years old (see Figure 3). The frequency
distribution of IQ in the different age groups can be seen
in Figure 4. In the two younger age groups there were a
number of children who would be classified as having "normal"
intelligence (IQ = 90 or more) but the numbers decreased with
increasing age.

53



T
A

B
LE

 5
:

C
om

pa
ris

on
 o

f v
ar

io
us

 in
di

ce
s 

of
 a

ge
 a

m
on

g 
th

ild
re

n 
ad

m
in

is
te

re
d 

va
rio

us
 p

hy
si

ol
og

ic
al

 c
ha

ra
ct

er
is

tic
 m

ea
su

re
s.

P
hy

si
ol

og
ic

al
 D

ev
el

op
m

en
t

C
hr

on
ol

og
ic

al
 A

ge
 (

ye
ar

s)
D

en
ta

l A
ge

 ;y
ea

rs
)

S
ke

le
ta

l A
ge

 (
ye

ar
s)

In
de

x 
(y

ea
rs

)

N
M

ea
n

S
.D

.
N

M
ea

n
S

.D
.

N
M

ea
n

S
.D

.
N

M
ea

n
S

.D
.

A
ll

16
7

10
.5

2.
6

17
4

10
.6

2.
7

16
7

10
.4

2.
8

15
9

9.
8*

3.
0

B
oy

s
98

10
.6

2.
5

98
,

10
.9

2.
7

98
10

.3
2.

9
92

9.
8*

3.
1

G
irl

s
69

10
.4

2.
7

76
10

.2
2.

6
69

10
.5

2.
6

67
9.

8
2.

9

B
oy

s

ly
i

6.
0-

7.
9

15
7.

2
0.

5
15

7.
8

1.
2

15
6.

9
1.

3
13

C
r

10
41

8.
0-

9.
9

32
9.

0
0.

6
32

9.
0

LI
32

8.
6

1.
6

30
7.

6*
1.

2

10
.0

-1
1.

9
18

10
.8

0.
6

18
10

.9
15

18
10

.4
1.

8
17

97
*

1.
2

12
.0

-1
5.

5
33

13
.6

LO
33

14
.0

1.
3

33
13

.4
1.

4
31

13
.1

1.
9

G
irl

s

6.
0-

7.
9

18
7.

1
0.

5
19

7.
3

0.
8

18
7.

4
1.

3
16

6.
7

1.
0

8.
0-

9.
9

16
9.

0
0.

6
17

8.
7

0.
7

16
9.

3
1.

1
15

8.
3*

1.
0

10
.0

-1
1.

9
12

11
.1

0.
6

16
10

.8
1.

0
12

11
.2

1.
3

14
10

.6
1.

8

12
.0

-1
5.

5
23

13
.6

0.
9

24
13

.2
1.

6
23

13
.2

1.
2

22
13

.1
1.

6

* 
C

hr
on

ol
og

ic
al

 A
ge

 v
s.

 P
hy

si
ol

og
ic

al
 D

ev
el

op
m

en
t I

nd
ex

 (
p 

<
0.

05
).



T
A

B
LE

 6
:

S
el

ec
te

d 
ph

ys
ic

al
 c

ha
ra

ct
er

is
tic

s 
an

d 
I.Q

. a
m

on
g 

ch
ild

re
n 

ad
m

in
is

te
re

d 
va

rio
us

 p
hy

si
ol

og
ic

al
 c

ho
ac

te
ris

tic
 m

ea
su

re
s.

N

H
ei

gh
t (

cm
.)

S
.D

.
N

W
ei

gh
t (

kg
.)

N

B
od

y 
F

at
 (

%
)

IL
I

I.Q
.

1,
D

,
M

ea
n

M
an

S
.D

.
ca

n
ca

n

A
ll

17
4

13
8.

4
14

.6
17

3
34

.0
13

.3
17

4
20

.4
6.

5
17

1
78

.7
12

.9

B
oy

s
98

13
9.

1
14

.7
98

34
.3

13
.3

98
16

.6
4.

1
96

78
.1

12
.7

G
irl

s
76

13
7.

5
14

.5
75

33
.5

13
.3

76
25

.4
5.

6
75

79
.6

13
.2

B
oy

s
(A vi

6.
0-

7.
9

16
12

1.
1

4.
7

16
23

.9
7.

1
16

16
.0

2.
7

15
89

.9
13

.7

8.
0-

9.
9

30
13

1.
0

3.
0

30
28

.2
10

.6
30

16
.1

2.
9

30
81

.7
13

.4

10
.0

-1
1.

9
19

13
9.

8
6.

4
19

32
.4

4.
3

19
17

.0
3.

1
18

72
.1

10
.7

12
.0

-1
5.

5
33

15
4.

8
9.

2
34

45
.8

12
.9

34
17

.0
5.

6
33

72
.8

11
,1

G
irl

s

6.
0-

7.
9

20
12

2.
6

5.
9

20
23

.3
3.

1
20

25
.7

3.
1

19
91

.1
9.

1

8.
0-

9.
9

17
13

0.
4

8.
2

17
28

.7
9.

7
11

27
.9

5.
3

17
81

.1
13

.2

10
.Z

1-
11

.9
17

14
3.

4
10

.1
17

35
.5

8.
7

17
28

.1
2.

8
16

72
.9

11
.6

12
.0

-1
5.

5
22

15
2.

3
8.

7
20

45
.9

15
.3

22
21

.3
6.

7
23

73
.7

10
.e



Figure.1 Relationship of body height and weight to chrono-
logical.age in:boYs: Comparison with results in
the literature..1 Brackets indicate standard
deviatiOn.
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Figure Relationship of body height and weight to chrono-
logicalage in girls. tomparison with results in

. .

the literature. Brackets indicate standard
deviation
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Figure 3. Relationship of I .Q. to chronological age" in. boys
and girls. Comparison with data of .Francis and
Rarick, 1960.-
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Figure 4. Number Of children-by I.Q. and C.A.-who served as
subjects. Darkened portions indicate number who
did not participate in exercise tests.
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Strength. The grip strength of the children in this investi-
gation tended to be slightly lower than a group of normal
children and slightly higher than that of a group of retard-
ed children of the same age (see Figure 5). The slope of the
strength curves, however, are similar for the normal and men-
tally retarded children.

Exercise Testing. Not all of the children who came to the
laboratory were exercised on the treadmill. Five children
were excluded for medical reasons and 24 children refused or
were unable to walk on the treadmill (5 refused to walk at
all, 12 refused to complete the testing, 3 refused the mouth-
piece required to collect expired air samples, and 4 lacked
the coordination to walk on the treadmill). The distribution
of the IQs among those who refused or were unable to exercise
can be seen in Figure 4, (the black portion of the bars re-
presents the number of these children). From Figure 4, it
would appear that the majority of children not exercised
were on the lower end of the IQ continuum. If the subjects
are grouped according to IQ, (e.g., those with 90 or more
who would considered "normal" vs. those with 89 or less)
there is no difference in the ratio of those exercising or
not exercising (see Table 7a). However, if the subjects are
grouped by those with an IQ of 79 or less (if 50 to 79 is
considered "educable mentally retarded") vs. those with 80
or more, then a significant difference in participation is
present (Table 7b), i.e., a greater percentage of children
with,IQs less than 80 refused or were unable to do an exer-
cise test. When participation in the exercise tests was
compared on the basis of place of residence (Table 7c), it
was found that more institutionalized children did not com-
plete the treadmill test. There was no difference, however,
between the participation of boys and girls (Table 7d).

As mentioned earlier, three different types of exercise
tests were given. No significant differences were found a-
mong the three tests in the values obtained for maximal ox-
ygen intake (liters/min and cc/kg min) or maximal heart rate
at any age (Figure 6). Similarly, at each submaximal work
load there were no significant differences in oxygen intake
(cc/kg min) or heart rate obtained from boys and girls on the
three types of tests (see Figures 7 and 8). Since the three
tests yielded essentially the same results, the data were
combined for all subsequent analyses.

When the exercise data on boys and girls were compared
(Figure 9), it was found that the boys had a significantly
higher maximal oxygen intake (cc/kg min) than the girls at
all ages except 10 to 11.9 years. Girls had a significantly
higher maximal heart rate as a group: there were no dif-
ferences, however, at each age level except 10 to 11.9 years.
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Figure 5. Relationship of grip strength to chronological age
in boys and girls. Comparison with results in the
literature.
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f 7. Percent participation in exercise in relation to I Q , place of residence and sex.

a. I.Q.

< 89 > 90 Total

Refused or Unable
to Exercise

19

(79%)

5

(21%)

24* (15%)

Exercised 105

(77%)

31

(23%)

136 (85%)

Total 124
(77%)

36

(23%)

160*
(100%)

b. IQ.

<79 > 80 Total

Refused or Unable
to Exercise

18

(75%)

6

(25%)

24* (15%)

MEV

Exercised 63

(46%)

73
(54%)

136 (85%)

Total P1

(51%)

79

(49%)

LSO*

(100%)

c. Residence

Institution Home Total

Refused or Unable 9 15 P* (15%)

to Exercise (37%) (63%)

Exercised 6 130 136 (85%)

(4%) (96%)

Total 15 145 160*
(10%) (90%) (100%)

d. Sex

Boys Girls Total
111=IMINMW.IMMed

Refused or Unable 12 12 24* (15%)

to Exercise (50%) (50%)

Exercised 79 57 136 (85%)

(59%) (41%) .111
Tots; 91 69 160*

(51 %) (43%) (100%)

* Does not induce 5 subjects who were not exercised for medical reasons.
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Figure 6. Oxygen consumption (V
02

) and heart rate in relation

to chronological age. Data for three work tests
are given. (See text for explanation of work tests.)

a 60 b

E 50 -

40-
v0

Test A
Test
Test C

7 9 13

Age (Years)

220

200-

180

20- Test _A
Test 10

Test C
7 9 13

A ea (Years)

Test A
Test B
Test C

63

9 II 13

Age (Years)



Figure 7. Oxygen consumption (V0 ) for
2

relation to work load on the
presented by percent grade.
at 3.5 miles per hour.
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Figure 8. Heart rate for boys and girls in relation to work
load on the treadmill as represented by percent
grade.
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Figure 9. Exercise oxygen consumption (VD and heart rate for
'2.

boys and girls in relation to chronological age.
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When the other data obtained during maximal exercise were
compared (Figure 10), boys had a significantly lower RQ, ex-
tracted more cxygen per liter of air ventilated, and circu-
lated a greate.c. amount of oxygen per heart beat.

The data on maximal oxygen intake (considered to be the
best single indicator of the physiological capacity for work)
of the subjects were then compared with the values reported
in the literature. It can be seen in Figures ].1 and 12 that
the aerobic power of the subjects in the present investi-
gation is well within the range of values reported on normal
children of different ages and nationalities.

There was a low but significant correlation between IQ
and maximal values for oxygen intake (cc/kg min) and heart
rate in the boys (r = 0.32 and 0.41, respectively) but not
in the girls. When all data were combined there were sig-
nificant correlations for the total group of subjects (r =
0.21 and 0.30, respectively)_

During submaximal exercise, several findings are of in-
terest. During the three-minute warm-up period which was
given to all subjects, there was a significant correlation
between IQ and heart rates during each of the first three
minutes of walking (r = -0.35, and -0.39, respectively).
Thus, it would appear that the children with the low IQs may
have been more nervous or perhaps less efficient while walk-
ing on the treadmill. Looking at the data obtained et each
work load by each age group, there is a tendency for the
heart rate to be lower in the older subjects (Figure 13).
The oldest boys had significantly lower heart rates at sub-
maximal work loads than did the youngest boys. While this
might be expected since younger children are known to have
higher heart rates, there should be little difference in ox-
ygen intake at the same level of submaximal work. There was,
however, a significant difference in oxygen intake at all
submaximal work loads between the oldest and youngest boys
and girls (Figure 14). Thus, it might be that the treadmill
speed of 3.5 mph was too fast for the younger subjects,
causing an inefficient style of walking.

Physiologically, there appears to be little difference
between marginally mentally retarded and normal children
based on 1) growth and development, 2) strength and 3) max-
imal aerobic and cardiovascular capacities.
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Figure 10. Respiratory quotient (RQ), ventilation oxygen.
consumption ratio 'Z/E/k/ci ) and oxygen pulse (V0 /RR)

2 '2
for boys and girls in relation to chronological
age.
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Figure 11. Maximal oxygen intake for boys (Vp cc/kg min) in
'12

relation to chronological age. Comparison with
data in the literature.
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Figure 12. Maximal oxygen intake for girls (V02cc/kg min)

in relation to chronological age. Comparison
with data in the literature.
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Figure 13. Heart rate of boys and girls of different
ages when walking at various grades on the
treadmill.
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Figure 14. Oxygen consumption
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CHAPTER 5

RESULTS AND ANALYSIS

As the data for the study were generated and final
analyses planned, it became apparent that not all of the pos-
sible original experimental questions would be appropriate,
nor were they all mutually exclusive. It seemed advisable to
combine them into several areas for presentation of the data
and analysis.

The complete raw data on each subject are given in Ap-
pendix D.

In the following presentation, the plan is to state the
area of interest, to present the data and its analysis, and
to indicate appropriate interpretations.

As a preliminary analysis of the data, a computer library
program was used to check for linearity of regression.* Had
curvilinearity been present, correlation indices more complex
than the product moment correlation coefficient would have
been called for. Fortunately, no curvilinear trends were
evident so the Pearson r was used throughout.

In the following, the sample sizes vary from analysis to
analysis. This developed from the data because it was not
always possible to complete the battery of tests in all areas
with every child. However, all samples represent the major
proportion of the total subjects available in the study, and

* This program, termed Regression Analysis, was devised
originally in 1969 by Robert Proctor at the Stanford Center
for Research and Development in Teaching. It was revised
at Penn State by Richard Kohr for use on the Computation
Center S/360 IBM computer. The other statistical analyses
done utilized library programs of the Penn State Computation
Center.
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the conclusions are believed to be valid and generally appli-
cable to the total sample. The factors which eliminated sub-
jects from some of the data collecting were not systematically
related to the procedures, but involved such things as ill-
ness of a child, equipment breakdown, or unexpected school
schedules.

As an initial analysis of the data product moment
correlations were computed between each of the pairs of
variables. The correlations are reported in Table 8. In-
spection of Table 8 indicates a wide range of values In
general, the intelligence variables and age variable tended
to be highly intercorrelated, but these variables were much
less correlated with hearing and physiological age variables.
Hearing measures tended to be correlated highly with other
hearing measures based on the same tests but not with other
areas of hearing; and physiological age factors tended to be
highly intercorrelated among each other but less highly cor-
related with hearing and mental or chronological age factors.
In Table 8 the lowest correlations appear to be between hearing
variables and intellectual variables and between hearing vari-
ables and physiological variables.

In the speech hearing areas there were low correlations
between threshold measures and discrimination measures.* Be-
cause these two areas are different aspects of hearing ability,
this finding is not surprising.

Relationships between Age and Intelligence Measures, and Hearing

The statistics for this area were the product moment cor-
relation and the regression equation (both obtained from the
program which generated the data in Table 8). Table 9 repeats
the Pearson product moment correlations of interest, and
shows the regression equations between mental age, chrono-
logical age, intelligence quotient and physiological age, and
speech hearing threshold and speech discrimination scores in
children with IQs below 90.

Noticeable in Table 9 are the significant correlations
between the mean threshold for speech, as measured by the
TIP test and the three age measures (but the lack of a

* In this report the terms intelligibility and discrimination
will be used interchangeably, even though the DIP test most
properly is of the discrimination type because the subject must
chose between a closed set of two items. In a number of in-
stances, the intelligibility curve used to obtain SRT will be
referred to because of the underlying rationale used to ob-
tain SRT.
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significant correlation between TIP mean and intelligence
quotatient). The same relationships were found for the dis-
crimination scores at the SRT level. The score on the DIP
test at SRT +5 dB is correlated significantly with chrono-
logical age and physiological age only. However, at the DIP
presentation level of SRT +10 dB no significant correlations
were found. This may result from the tendency of DIP test
scores at SRT +10 dB to approach a ceiling. Thus, only chance
factors were operating to vary test scores.

To follow-up, partial correlations were computed among
variables of interest. For the partial correlations IQ was
ignored because of the non-significant correlations between
IQ and hearing measures. In addition, because IQ is depend-
ent upon age. it would be impossible to make a pure statis-
ical test. Of the remaining age measures, only chronological
age is not in some way dependent upon a number of factors.
Mental age is not only a function of the subject's natural
ability, but is influenced by environmental factors; physio-
logical age would be expected to be influenced by such fac-
tors as nutrition and health env!.ronment-

For the above reasons, the partial r values were computed
between mental age and hearing measures, with chronological
age partialed out, and between physiological age and hearing
factors, with chronological age partialed out. The results of
these partial correlations are shown in Table 9. None of
the partial r's are significant- The large decrease in the
correlational values when chronological age is partialed out
is strong evidence that the factors of physiological age and
of mental age are not importantly related to the hearing
measures.

Another aspect of the data in Table 9 are that not all
of the significant correlations are in the anticipated di-
rection, While increased age is associated with decreased
TIP score (better hearing acuity), a finding in the expected
direction, the negative correlations between DIP test score
and increasing age is opposite to what would be expected
(Siegenthaler and Haspiel, 1966), A higher DIP score re-
presents an improvement, which would normally be associated
with increased age. ThP-e is no readily available explan-
ation for the DIP test correlations being in a non-expected
direction. However, for correlations on the order of .20
only about four per cent of the variance between the factors
in the DIP correlational statistics are accounted for.

Two general conclusions might be drawn from these anal-
yses: (a) MA, physiological age and IQ are not related to
SRT or to speech intelligibility as measured by the TIP and
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DIP tests for children with below 90 IQ who are in the age
range over eight years, and (b) chronological age should be
considered a factor in interpreting test performance in such
children. Thus, the child's hearing test scores should be
evaluated with respect to speech threshold and speech intel-
ligibility against the norm established for his chronological
group. (See Siegenthaler and Haspiel, 1966). These data
also indicate the probability that the TIP and DIP tests can
be used for children with normal as well as with below normal
intelligence levels, using chronological age as the critical
factor in test interpretation.

Relationships between MA, CA. .IQ and PA, and Articulation

Table 10 contains product moment correlations as well
as regression equations between mental age, chronological
age. intelligence quotatient and physiological age and the
slopes of the intelligibility curves for both the threshold
(TIP) and the discrimination (DIP) tests,

The threshold test slopes were obtained by graphically
displaying the articulation curve both for TIP A and for TIP
B, computing the slope (change in word intelligibility per
dB of intensity change) of the middle part of the curve, and
computing the mean of the two intelligibility curve slopes
from which a threshold had been obtained, The DIP slope
data were obtained by taking difference between the number
of words correct, i.e., DIP test scores at SRT and at SRT
+5 dB, and taking the difference in DIP score between SRT +5
and SRT +10 dB. (A per cent change in DIP score per decibel
of intensity change was not needed because all subjects were
given the same decibel levels, and the score difference is an
expression of slope for all subjects,)

A first impression of Table 10 is that the TIP test
slopes do not correlate significantly with any of the age
factors, nor with IQ. Also, the correlations are not sig-
nificantly different from zero for DIP slope between SRT and
SRT +5 dB for any of the age or IQ factors.

However, significant correlations are present in the
case of the DIP slope between SRT +5 and SRT +10 decibels
for both chronological age and physiological age: the more
mature children, according to chronological and physiological
age, tended to have more steep DIP slopes at the higher pre-
sentation levels. At least two interpretations are possible:
(a) DIP test scores tended to be at or near the maximum score
possible for DIP +10 dB so that there would tend to be a
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steeper slope at those two presentation levels; and (b) although
the correlations are significant, they are low and produce
large errors of estimate. For correlations as high as .30 only
about nine per cent of the variance is accounted for by the correl-
ational value.

To summarize the analysis regarding speech hearing test
intelligibility curve slopes: it appears that because of the
relatively low correlations, the relationships between
various age or intelligence measures, and hearing test slopes
are of minimum importance. For the present it is concluded
that the slope of intelligibility curves for SRT (using the
TIP test) or the slope of the intelligibility curve when
testing for discrimination (the DIP test) need not be con-
sidered as a factor when testing children with lower IQ values
in the range included in this study.

Comparisons of Hearing Test Scores and Intelligibility Curve
Slopes between above and below 90 IQ Subjects

In the present study a sample of subjects with IQ above
90 were contrasted with subjEcts with IQ below 90.

An important variable for interpretation of the following
finding is the chronological age factor. That is, chrono-
logically older children tended to have better test scores,
especially for threshold, than chronologically younger children.
In the present grouping of children the average age of the
subjects with IQ above 90 was 8.1 years; the average chrono-
logical age for the children with IQ below 90 was 11.4 years.

Table 11 presents the mean scores for the various hearing
tests and the t test results comparing the two subject sub-
groups. The t tests were based upon the Fisher-Behrens t-Test
modified procedure (Games and Klare, 1967), designed to take
into account large differences in sample sizes.

The mean threshold scores for above 90 IQ children tend-
ed to be worse than for the below 90 IQ children, but as a
group they were three years younger than the other subjects.
The increased threshold, poorer speech hearing acuity for the
older subjects, suggests that acuity continues to improve
somewhat beyond the age of eight years. However, the standard
error of measurement for TIP test is approximately three
decibels with normals, so that the differences of approxi-
mately four to five decibels in acuity between the above 90
and below 90 IQ groups in the present study are close to
the error of test measurement.
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On thn discrimination (DIP) test, the above 90 IQ sub-
jects achieved higher mean scores, but even the largest dif-
ference was approximately five items (ten per cent), the error
of estimate for discrimination testing. In these comparisons
no consistent trend was seen which would allow a firm conclusion
as to difference in the test scores for speech hearing between
the two types of children divided on intelligence level.

Intelligibility Test Curve Slopes for Subjects with IQ above
and below 90 IQ

Table 12 gives mean TIP and DIP test slopes (DIP slopes
between SRT and SRT +5, and SRT +5 and +10 dB for children
with IQ above 90 and below 90. The TIP and DIP slopes
were computed as previously. The t-test results indicated
nonsignificant differences. It may be concluded that the
two groups do not differ in test slope and that it is ap-
propriate to use the same intelligibility curve slopes for
normal and for intellectually subnormal children.

Comparison of Above 90 and Below 90 IQ Subjects, with Respect
to Relationships between Hearing and Age Variables

For subjects with IQ 90 and over product moment cor-
relations were computed between each of the four main hear-
ing test scores and CA, MA, and PA. The same correlations
were computed for the below 90 IQ subjects. These product
moment correlations are shown in Table 13. The question here
is whether or not the regression equations for these two types
of subjects are significantly different. The F test for par-
allelism of regression was used. (Edwards, 1961), as shown
in Table 13. None of the F values are significant.
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Table 13. Correlations between age measures and speech hearing
test scores, regression equations, and F-tests for
significance of difference between correlations for
subjects with IQ above 90 and for subjects with IQ
below 90.

IQ Above 90

Chronological Age

dfIQ Below 90 F
(N 20) (N 160)

TIP Mean r=-.196 r=-,204 0.001 1/173
Y=.41126-.0517X Y=37.219-.0491X

DIP at SRT r=-.145 r=-.216 0.011 1/176
Y=31.34-.0097X Y=31.59-.0116X

DIP at r=-.000 r=- 191 0.334 1/176
SRT +5 dB Y=36.75-.000X Y=40.90-.0066X

DIP at r=,306 r=.045 1.433 1/176
SRT +10 dB Y=77.40+.0672X Y=39.74+.0012X
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Table 13. (Continued)

IQ Above 90

Physiological Age

F dfIQ Below 90
(N 20) (N 160)

TIP Mean r=-.422 r=-.202 0.974 1/127
Y=.48808-1.7015X Y=34.472-0.3354X

DIP at SRT r=-.152 r=-.217 0.077 1/130
Y=35.24-0.1601X Y=27.77-0.0828X

DIP at
SRT +5 dB r= -.021 r = -.231 0.084 1/130

Y=37.10-0.0077X Y=39.71-0.0614X

DIP at
SRT +10 dB r=.202 r=.031 0.203 1/130

Y=37.80+0.0732X Y=40.36+0.0064X
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Table 13, (Continued)

19....P00.9ye
(N 20)

Mentai As_e_

Below 90 df

TIP Mean r=-.200 r=-.232 0.012 1/173
Y=.41221-.5746X Y=37.142-.6740X

DIP at SRT r=-.108 r=-.195 0.059 1/176
Y=29.21--0780X y.28,72-.1264X

DIP at r=-016 r=-,094 0.118 1/176
SRT +5 dB )!=36-42+.0043X Y=36.57-.0396X

DIP at r=.440 r=,042 1.459 1/176
SRT +10 dB Y=32.52+ 1318X Y=39,97t.0135X

Note: No F values significant at .05,
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It may be concluded that the children with IQ below 90
and those with IQ above 90 do not differ with respect to
relationships between measures of age and measures of hear-
ing for speech. The tests for speech hearing appear to be
equally applicable to both subgroups of subject in that
age effects occur equally for both subgroups.

Reliability of Tests for below 90 IQ Subjects

The experimental design provided TIP test A scores and
TIP test B scores. According to previous research, these
two tests are essentially equivalent. Thus, Form A and
Form B provide alternate-form test scores (in effect, test-
retest data) for which reliability coefficients were computed.

The DIP test, however, was not repeated for each child.
Fortunately, the format of the DIP test is such that a Kuder-
Richardson type of internal consistency analysis is appropri-
ate. The Instructional Services Program at The Pennsylvania
Stac.e University provided reliability analyses using Kuder-
Richardson formula 20 for the DIP tests. The reliability was
computed only for DIP test scores at SRT +5 dB.

For this analysis all subjects were divided into two
subgroups at the mean of the total group. Table 14 shows
the reliability coefficients obtained. To test for signif-
icance of difference between these reliability coefficients
for subjects above the mean and subjects below the mean, the
Fishers r to z transformation t test was used (Blomers and
Lindquist, 1960). These t-values also are shown in Table 14.

For the SRT test no significant differences were found.
This suggests that speech reception threshold is equally re-
liable for the upper level IQ and age children and for the
lower level children, using the TIP test as the measure. The
reliability values are of a magnitude indicating acceptable
test reliability.

On the intelligibility test the pattern is somewhat dif-
ferent in that correlations for subjects in the upper group
for chronological age, IQ, and physiological age were higher.

Although the differences in DIP test reliability were
significant the reliabilities for the below mean subgroups
compare favorably with reliabilities for the DIP test found
previously: Siegenthaler and Haspiel (1966) found DIP test
reliabilities at SRT +5 dB with normals to be .42 to .59;
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Haspiel and Siegenthaler (1968) found DIP test reliabilities
at SRT +5 dB for hypacusic children to be .596.

Relationship between Hearing Test Scores, and Verbal and
Performance Intelligence Measures

The WISC is divided into a verbal and a performance sec-
tion. Each section yields an IQ score. Table 15 indicates
the product moment correlations between each of the WISC IQ
measures and speech hearing tests. Table 15 shows low cor-
relational values and small numerical differences between the
r values for the verbal IQ and the r values for the performance
IQ. No t-tests were necessary to compare r values because
of non-significance, and lack of evidence for a difference in
the relationship of verbal and performance IQ to hearing abili-
ties. Even though full scale IQ is considered more reliable
than either section in the WISC, it will be recalled from earlier
data that there was a high correlation between verbal and per-
formance IQ in the present study.

Judging from the present study, there is no advantage
in using the verbal or in using the performance part of the
WISC for subjects similar to those in this study.

Comparison of Institutionalized and of Organically Impaired
Subjects, with other Subjects

Thirty-three subjects were from residential institutions.
There were eleven subjects with organic signs, most of whom
also were included among the 33 institutionalized children.
The eleven organically impaired children presented documen-
tation in their case files, of organic involvements. Table
16 shows point bi-serial correlations between organic status
and hearing test scores, and between institutional status
and hearing test scores for the total sample of subjects with
IQ below 90. None of the correlations were significant. Thus
the speech hearing abilities for threshold and for discrimin-
ation, as measured
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Table 15. Product moment correlations between speech hearing
test scores, and verbal and performance intelli-
gence quotient (N 160).

Verbal IQ Performance IQ

TIP A

TIP B

TIP Mean

DIP at SRT

DIP at SRT +5 dB

DIP + SRT +10 dB

A)18 .016

-.015 -.008

. 041 .036

. 066 .064

. 124 .149

.035 .064

Note: No correlation significant.
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by the TIP and DIP tests respectively, were not demonstrated
to be related to either the factors of organic involvement or
institutionalization among subjects tested in this study.
(It may be. of course, that a child with strong organic signs
is so involved that he is not testable. Such a child would
have been eliminated from the present subject sample.)

Although the sample sizes of the organically involved
and of the institutionalized subjects were small in com-
parison to the non-organic or non-institutionalized samples,
the correlations were so low as to suggest that even though
larger samples might have produced significant r values, the
relationships of interest are weak. This finding is in con-
trast to reports in the literature that there is a. higher
incidence of hearing loss, including loss for hearing of
speech, among institutionalized and other retarded children.
In the present study there was not a heavy loading of children
with extremely low intelligence levels. The institutionalized
children in the present sample had a mean IQ of 61.7. The
organically involved children had a mean IQ of 67.4. While
these scores are somewhat lower than the overall mean IQ for
the total sample, they do not represent as severely impaired
children as might be expected from a more random or repre-
sentative sample from institutions. Further, it should be
recalled that all of the subjects demonstrated essentially
normal hearing according to pure tone and audiometrics. Thus,
at least some of the difference between the present findings
air other findings regarding hearing ability of institutional-
ized children may be explained.
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CHAPTER 6

CONCLUSIONS AND COMMENTS

This project was designed to investigate relationships
between various age and intelligence measures, and speech
reception threshold and speech discrimination among children
in the educable range of below normal intelligence. In
general, it was expected that older children, in terms of
chronological age, mental age, and physiological age, and
children who achieved higher IQ scores in contrast to
children who were younger in these aspect and showed lower
IQ's, would show better hearing test scores.

Related questions regarded steepness of the slopes of
the intelligibility curves used to obtain speech reception
threshold, and of the curve for speech discrimination as a
function of intensity of word presentation. In addition,
it was suspected that there would be significant differences
in speech-hearing test performance depending on whether or
not a child presented organic signs as a basis for his mental
retardation, and whether or not he was institutionalized.

While '..he experimental data appeared to give positive
statistical support in some areas, in other instances this
was not the case, or the analysis indicated statistical
significance but little clinical or practical significance.

On the basis of the data ard related statistical analyses
given earlier in this report, the following conclusions appear
warranted for children in the approximate chronological age
range six through sixteen years, in the intelligence quotient
range of approximately 50 through 95, and who as a group more
typically are able to accommodate to and be accommodated in
special education or regular classrooms in the public schools
or other educational programs:

1. Speech reception threshold is better among children
who are older in terms of mental age, chronological
age, and physiological age, than among younger
children. However, the effect is largely due to
chronological age. Thus, the interpretation of
speech reception threshold scores in children of
lower than normal intelligence should take into
account the chronological age norm.



2. Speech discrimination, especially at lower sensation
levels, shows a low but statistically significant
negative correlation (not in the expected direction)
with increased mental age, chronological age and
physiological age. The preponderance of the effect
is due to chronological age, but the observed cor-
relations are so low as to lead to the conclusion
that the effect need not be taken into account in
clinical application of tests for speech discrimin-
ation.

3. Children in the educable mentally retarded range do
not differ from children in 'the lower portion of the
normal intelligence range with respect to slope of
the articulation curve used to obtain speech re-
ception threshold or the intelligibility curve
slope for speech discrimination measures. Thus, the
slope of the intelligibility curve for speech
reception threshold (using the TIP test) or the slope
of the intelligibility curve for speech discrimination
(using the DIP test) need not be considered as a
significant factor when testing or when interpreting
test results for such groups of children.

4. There is not a reliable and consistent difference in
speech reception threshold or in speech discrimination
between children in the educable mentally retarded
range and children in the lower portion of the normal
intelligence category.

6. For speech reception threshold, test reliability is
not a function of mental age, chronological age, IQ
or physiological age within the range of subjects
studied in this project.

7. Retarded children who are in the upper IQ, CA, and
physiological age range of their group show a trend
toward higher test reliability than do children in
the lower portion of the range. However, in both
instances test reliability is within what is con-
sidered, even among adults, as acceptable discrim-
ination test reliability.

8. There are not significant correlations (a) between
verbal IQ, and speech reception threshold or speech
discrimination score, nor (b) between performance
IQ, and speech reception threshold or speech discrim-
ination score among children of the educable mentally
retarded range.
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9. Whether or not a child shows organic impairment
signs, and whether or not he is institutionalized
(within the range of organic involvement among sub-
jects utilized in this study and within the types
of institutionalization experience by the subject
in this study) is not related to speech hearing
threshold nor to speech discrimination score, as
measured by the TIP and DIP tests.

The initial overall impression from the above conclusions
is that various age, intelligence, and organic or instituion-
alized status factors are related neither to speech intel-
ligibility or to speech reception threshold among educable
mentally retarded children. On the other hand, positive find-
ings were that of the factors considered, chronological age
has more influence than the others on test performance.

Both the speech reception threshold and the speech dis-
crimination tests used in this experiment have acceptable
test reliability (and presumed test validity) for the type
of subject included in this experiment. This judgement of
test acceptability is based upon comparisons between children
within the normal range of intelligence and children in the
educable retarded range, comparisons with data previously re-
ported in the literature on speech threshold and speech dis-
crimination tests with normals, and on other research reports
that speech hearing tests have better validity than pure tone
tests for the retarded. (Lloyd, 1965; Siegenthaler and
Haspiel, 1966; Lloyd and Melrose, 1966; Lloyd and Reid, 1966;
Fulton and Gribbon, 1967).

The bulk of the literature reporting poorer hearing for
speech threshold and discrimination, and greater incidence of
hearing loss among the retarded was based upon children or
adults in institutions and on subjects who typically had
either greater organic signs or who tended towards lower
levels of intelligence and mental ages than did subjects in
this study (Myatt and Landis, 1963; Schlanger and Galanowsky,
1966; Clausen, 1966). However, consistent with the present
findings were the data of Webb, Cowie, and Beedle (1963)
showing that length of stay in an institution was not related
to hearing test score.

The physiological age measures of interest to this study
did not appear to be significantly related to speech-hearing
ability. This fin ding among the present group of retarded
children is consistent with data of Kugel and Mohr (1963).
The implication is that for hearing tests physiological age
need not be considered a significant factor in test inter-
pretation.
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Throughout this study the or_entation has been to arrive
at conclusions applicable to the retarded and their ability to
hear speech. However, to generalize to all retarded and to
all speech hearing would be in error because the retarded are
not a homogeneous population (hence the limiting of subjects
to rather well defined sub-groups in this study), and the
factors of effect of the specific hearing test and the specific
testing conditions on the obtained results need to be considered.
Because test procedures must be suitable to the subject the
results obtained here, in effect, indicate what hearing per-
formance can be obtained when the hearing test procedures are
designed to meet the needs of the test subjects, as is the
case with the TIP and DIP tests.

The two speech hearing tests utilized in this research
(namely the TIP test and the DIP test) are given support by
the results of this study so far as their use with educable
retarded children is concerned. That is, because test re-
sults were of acceptable reliability with the retarded sub-
jects, and because significant difference in reliability were
not found among subject sub-groups, the use of TIP and DIP
tests is supported by the data at hand.

When using the TIP and the DIP tests with children in
the educable category, essentially the same test interpre-
tation guideline can be used as with normals: chronological
age should be an important factor, in contrast to IQ, physio-
logical age, or mental age, Stated differently, the lack of
highly significant correlations between speech reception
threshold and speech discrimination (intelligibility) test
scores on the one hand, and mental age, intelligence quotient,
and physiological age, on the other hand, suggests that the
TIP and the DIP tests are relatively independent of MA, IQ
and physiological age influences (for children not severly
retarded or below the educable range). Thus it may be in-
ferred that the tests are useful for children over a wide
range of intellectural ability and physiological ages, and
that chronological age only need be utilized as a modifier
when interpreting test performance in such children.

This general conclusion has implications for the au-
diologist, as well as for other professional workers who must
evaluate the mentally retarded and advise programs for them.
The TIP and DIP tests appear to be satisfactory for use with
educable retarded children, and have reason to be added to
the range of procedures used for their benefit.
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APPENDIX A

RELEASE FORM



RELEASE AND ASSUMPTION OF RISK
SPEECH AND HEARING CLINIC

AND
LABORATORY FOR HUMAN PERFORMANCE RESEARCH

THE PENNSYLVANIA STATE UNIVERSITY

Studies of man and his reaction to stress

I hereby freely volunteer my child to act as a subject
in a scientific investigation as an authorized part of the
educational and research program of The Pennsylvania State
University. I acknowledge that I have read and concur in
the procedures and objectives of this investigation as sum-
marized on the reverse side of this sheet.

I further acknowledge that the detailed nature of my
child's part in this investigation and the physical and mental
effects, both probable, have been fully explained to me by

and that I understand the explanation.

I certify that to the best of my knowledge and belief,
the above mentioned child has no physical or mental illness
that would increase the risk to him (or her) of participation
in this investigation.

I futher certify that my child has been examined by
address , a qualified

physician, and has been found fit to participate in this in-
vestigation.

I hereby understand that there is some small risk (pro-
bable and improbable) to my child as a result of participation
in this investigation, but feel that exposure to this risk is
worthwhile and in keeping with the objectives of the program.

I hereby consent to the participation of
(full name)

age and a minor, as a subject in the scientific inves-
tigation described, and request the test results be sent to
his school for educational purposes.

Date Signature of minor subject's
parent or guardian

Signature of Examining Signature of physician partic-
Physician ipating in the Investigation
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Procedures of the study:

The following measures and tests will be performed under
professional supervision:

ADDITIONAL INFORMATION

1. Can he run and play games, keeping up with other
children? YES NO If NO explain.

2. Has the child had a heart disease? YES
NO If YES explain.

3. Does the child ever become blue in the lips?
YES NO If YES explain.

4. Does the child have fainting spells? YES
NO If YES explain.

5. Is he/she ever short of breath other than after
hard exercise? YES NO If YES
explain.

6. Is he/she on any medication for seizures or
convulsions? YES NO If YES explain.

7. Do you consider the child to be in general good
health? YES NO If NO explain.

10/31/68
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APPENDIX B

TIP TEST PROTOCOL

(Note there are five pictures per test
card, but for some cards only four dif-
ferent items are called because of the
random selection of items to be called
for each car determined by the prepared
test protocol.)
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APPENDIX C

DIP TEST PROTOCOL



DIP 1 db
Practice
A dog
B chair
C kite
D coat
VI
1 bear
2 deer
3 bees
4 fan
5 coat
I

6 key
7 pup

P
10 meat
11 saw
12 chain
13 wheel .

VI
18 coat
19 bow
20 toy
21 back
VP
26 nail
27 men
28 sun
29 feet

DIP 3 db DIP 2 db

dog
chair
kite
coat

cat
boat
kite
kite

pear
deer
peas
man
coat

pear
tear
peas
man
goat

8 goat
9 pea

key
cup

14 cheese
15 wing
16 rat
17 sail

meat
saw
cane
wheel

22 cat
23 pot
24 bone
25 bee,

coat
toe
boy
back

goat
tea

keys
ring
rat
tail

cat
dot
bone
bee

pea boat
cup tea

beet keys
paw ring
cane bat
seal tail

boat bat
toe dot
boy cone
tack key

sail
men
sun
feet

sail
pen
gun
beet

IP
30 cat 34 dog
31 fire 35 can
32 horn 36 peas
33 pear 37 shoe
VIP
38 light 44 log
39 cheese 45 four
40 rose 46 man
41 rain 47 suit
42 hat 48 bear
43 gum

hat
fire
horn
hair

kite
bees
rose
rain
bat
gum

log
can
peas
shoe

log
four
can
suit
hair
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hat log
tire fan
corn cheese
hair two

kite hog
bees door
toes can
cane boot
bat hair
thumb



APPENDIX D

EXPERIMENTAL DATA OF SUBJECTS



Table 17 Subject number, sex,
ligence measures.

chronological age, and intel-

Al
o

cn Z1
a)

0

u 0

WISC IQ

G.14 con

rc1

-Q

a)

WISC MA

41..)

mri
0

ctiit:14:°1

LLI I

:14

300 M 10.8 63 71 64 6.8 7.6 6.9
301 M 10.4 65 75 67 6.8 7.5 7.0
302 M 10.6 74 79 74 7.8 8.2 7.8
303 M 9.7 65 79 69 6.2 7.7 6.7
304 M 7.6 82 80 80 6.2 fi.1 6.0
305 M 10.4 79 85 80 8.2 8.8 8.3
306 M 9.3 69 85 74 6.5 7.9 6.9
307 M 9.1 79 64 69 7.2 5.8 6.4
308 F 9.5 70 92 78 6.7 8.8 7.4
309 F 9.9 62 72 64 6.2 7.2 6.4
311 F 11.9 60 62 57 7.2 7.3 6.7
312 F 9.2 65 61 59 6.0 5.6 5.5
313 M 9.7 79 82 78 7.7 7.9 7.7
315 M 9.4 65 69 64 6.1 6.5 6.1
316 M 11.2 84 86 83 9.4 9.6 9.3
317 M 8.5 74 71 70 6.3 6.1 6.0
318 F 6.6 81 71 74 5.3 4.7 4.9
319 F 11.7 76 93 83 8.9 10.9 9.7
320 F 12.2 80 70 80 10.8 S.5 8.8
321 F 12.4 61 61 57 7.6 1.6 7.1
322 F 11.0 69 69 66 7.6 7,6 7.3
323 M 12.1 72 72 70 8.7 8.7 8.5
324 M 12.0 72 93 80 8.6 11.2 9.6
325 M 12.1 66 79 70 8.0 9.6 8.5
326 M 12.1 71 80 73 8.6 9.7 8.8
328 F 14.0 61 58 56 8.5 8.5 7.7
329 F 14.3 53 71 58 7.6 10.2 8.2
330 F 13.7 66 76 68 9.0 10.4 9.1
331 F 14.4 72 86 77 10.4 12.4 11.0
332 M 11.1 70 68 66 7.8 7.5 7.4
333 M 13.3 69 71 67 9.2 9.5 8.8
334 F 12.3 69 72 67 8.5 8.9 8.2
336 F 11.7 62 69 62 7.2 7.5 7.3
337 M 12.3 81 93 85 10.0 11.5 10.3
339 M 14.8 76 90 81 11.2 13.3 11.9
340 M 13.5 77 83 78 10.4 10.3 10.4
341 M 12.2 86 75 79 10.5 9.1 9.5
342 M 12.8 86 90 87 11.0 11.5 11.0
344 M 13.9 85 87 85 11.8 12.2 11.7
345 M 13.7 74 79 74 10.2 10.8 9.9
346 M 13.7 81 100 89 11.1 13.7 12.0
348 M 13.8 82 86 83 31.4 11.9 11.3
349 M 14.3 63 83 70 9.0 11.9 9.8
351 M 14.7 72 82 75 10.6 12.1 11.0
352 F 13.7 80 100 88 11.0 13.7 11.8
354 F 12.6 80 89 83 10.1 11.3 10.3
327 M 13.2 60 53 52 7.9 7.0 6.9
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Table 17 (Continued)

WISC IQ WISC MA

Z cf)coal 61

0 A
a)

1+.4ta

CD

-1

a)

U
U)

$.4

a)
k
44

I-1
M

U)

426 M 9.3 70 85 75 6.6 7.9 6.9

429 M 8.2 74 75 72 6.1 6.2 5.9

430 M 10.5 80 75 75 8.4 7.8 7.9

431 M 8.0 74 79 74 5.9 6.3 5.9

433 F 11.6 57 69 59 6.6 8.0 6.9

434 F 11.6 72 85 76 8.3 9.8 8.7

436 F 10.3 75 82 76 7.8 8.5 7.8

439 F 8.6 90 96 92 7.8 8.2 7.8

441 M 6.8 94 74 83 6.4 5.1 5.7

443 F 8.7 95 92 93 8.2 8.0 8.0

445 F 10.4 94 90 91 9.8 9.4 9.4

448 M 9.4 96 90 93 9.0 8.5 9.2

453 M 10.3 68 63 75 7.0 6.5 6.8

456 F 14.4 70 72 68 10.1 10.4 10.9

458 F 12.0 56 53 50 6.7 6.3 6.0

460 M 12.1 60 47 49 7.2 5.7 5.9

461 F 11.2 58 57 54 6.5 6.4 6.0

462 F 10.4 80 79 77 8.3 8.3 8.0

463 M 14.2 61 90 72 8.6 12.8 10.3

464 M 15.0 48 44 45 7.2 6.6 6.8

465 M 15.2 55 58 52 8.3 8.8 7.9

467 M 12.9 72 68 67 9.3 8.8 8.7

468 M 14.5 71 72 69 10.3 10.5 10.0

469 F 13.2 72 LO1 85 9.5 13.3 11.7

163 M 10.7 82 72 75 8.8 7.7 7.6

170 M 11.3 65 76 67 7.3 8.6 7.1

171 F 10.7 74 79 74 7.9 8.4 7.4

172 F 10.8 66 92 76 7.2 10.0 7.7

173 F 8.4 74 72 70 6.3 6.1 5.5

164 F 8.6 76 86 80 6.6 7.4 6.4

472 M 10.8 82 78 78 8.9 8.4 8.4

473 M 11.0 75 74 72 8.3 8.2 7.9

474 M 11.8 89 89 88 10.5 10.5 10..5

475 M 11.8 91 92 87 10.8 10.9 10.3

476 M 11.8 67 89 75 7.9 10.5 8.9

480 M 12.0 66 68 64 7.9 8.2 7.8

483 M 12.1 76 72 72 9.2 8.7 8.7

479 M 12.4 70 80 75 8.7 9.7 9.1

481 M 12.5 79 103 89 9.q 12.9 11.2

405 14 9.8 91 92 94 9.9 9.0 9.1

482 N 12.7 83 103 91 11.2 13.0 11.5

477 M 14.8 80 81 82 11.6 12.0 17..2

478 M 15.0 67 83 72 10.1 12.5 10.8

485 F 12.6 66 76 68 8.2 9.6 8.5

487 M 13.4 56 61 54 7.5 8.2 7.3

490 M 12.9 67 61 61 8.7 7.9 7.9

489 M 11.5 65 68 63 7.5 7.7 7.3

120



Table 17 (Continued)

0
ji

Z
i041

C

A
a)

WISC IQ WISC MA

a)
44(1)

rC

ar
al

0

a)

U)

491 M 13.6 56 71 59 7.6 9.7 8.0
488 M 12.5 51 55 48 6.4 6.9 6.0
4S3 M 12.2 82 94 87 10.0 11.5 10.6
494 F 14.6 63 96 77 9.2 14.0 11,2
495 F 13.2 67 60 60 8.7 7.9 7.9
496 M 12.5 81 79 78 10.2 9.9 9.8
497 M 12.6 75 47 58 9.5 6.0 7.2
498 M 13.5 70 67 65 9.5 9.0 8.8
499 F 11.8 50 65 53 5.9 7.7 6.2
500 F 9.1 71 80 70 6.5 7.2 6.5
501 F 9.6 62 55 55 6.5 5.3 5.3
502 F 8.4 63 57 56 5.3 4.8 4.7
503 F 13.9 61 68 61 8,5 9.4 8.5
504 M 11.6 62 65 60 7.2 7.5 7.0
335 F 11.8 71 76 71 8.3 8.9 8.4
343 M 13.1 77 90 82 10.1 10.6 10.6
347 M 12.9 85 76 79 12.8 9.8 10.0
350 M 13.6 75 71 70 10.4 9.7 9.3
353 F 13.9 77 94 84 10.8 13.2 11.5
367 F 6.8 81 90 84 5.5 6.1 5.7
378 M 14.5 65 64 61 9.4 9.2 8.7
379 F 13.9 71 86 76 9,9 12.0 10.5
380 F 14.4 57 78 64 8.2 11.2 9.1
394 M 11.8 66 72 66 7.8 8.4 7.7
310 F 7.6 71 72 69 5.4 5.5 5.3
314 M 8.5 86 78 80 7,2 6.5 6.9
457 M 9.5 61 60 56 5.8 5.7 7.3
459 M 14.9 74 62 65 11.1 9.3 9.8
438 F 8.0 77 99 86 6.2 7.9 6.8
338 M 14.8 72 79 73 10.8 11.8 10.6
355 F 13.0 80 82 79 10.4 10.7 10.1
388 M 9.8 80 92 84 7,7 9.0 8.3
427 F 9.0 63 65 61 5.7 5.8 5.5
452 M 6.6 63 69 63 4.2 4,6 4.4
484 F 13.1 45 53 46 5.9 6.9 6.0
486 F 14,5 45 44 44 6.5 6.4 6.4
435 F 11.6 69 80 72 8.0 9.0 8.3
444 F 11.0 85 74 77 9.3 8.2 8.4
446 F 12.6 74 100 85 9.3 12.6 10.7
101 M 12.7 77 82 77 9.8 10.4 9.8
103 F 9.7 69 74 68 6.7 7.2 6.5
104 H 11.0 80 74 75 8.8 8.2 8.3
105 F 13.8 72 68 67 10.0 9.4 9.2
106 F 6.5 89 99 93 5.8 6.4 5.9
107 F 6.9 92 90 91 6.3 6.2 6.3
108 M 10.7 56 60 54 6.0 6.4 5.8
109 F 13.7 65 60 59 8.9 8.2 8.1
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Table 18 Subject number, and physiological measurements.

-1;

W

ATE0 0
Er) Z

21
0)1

131
-r-I

4
4

re

o

I

4-i
u)
rd

G40

rt

4-3
ffs
0
1:11 0wx

sa

al

300 205 35.7 138 25.0 2 1 0 12.2 0 12.5
301 175 29.7 134 15.5 2 1 0 11.7 0 9.5
302 190 26.1 132 15.0 2 1 0 10.0 0 10.0
303 135 23.4 128 14.5 1 1 0 9.1 0 10.0
304 140 23.1 121 16.5 1 1 0 6.4 0 7.0
305 195 30.5 132 15.0 2 1 0 9.9 0 11.0
306 135 23,4 138 14.5 2 1 0 10.2 0 10.3
307 125 25.8 136 16.5 2 1 0 9.9 0 10.0
308 145 22.4 128 22.0 2 1 0 10.1 9.5 0
309 120 32.0 136 30.0 2 1 0 9.9 10.0 9.9
311 230 46.6 161 27.0 3 A 1 13.2 10.3 0
312 105 24.3 125 24.5 2 1 0 9.9 9.3 0
313 120 24.0 130 17.5 2 1 0 8.3 0 8.5
315 80 78.6 122 13.5 2 2 0 8.0 1 8.3
316 260 43.1 150 23.0 1 1 0 12.2 0 11.8
317 105 25.3 130 19.0 2 1 0 7.7 0 9.5
318 90 22.2 117 29.0 2 1 0 7.5 8.0 0
319 175 35.0 146 29.0 2 2 0 11.1 12.0 0
320 175 36.5 148 29.5 3 2 0 ].2.9 11.5 0
321 195 38.8 144 29.0 4 3 0 13.0 15.0 0
322 200 33.7 146 27.5 3 3 0 12.3 11.5 0
323 205 34.4 139 21.0 2 1 0 11.8 0 14.0
324 245 31.7 137 14.5 2 1 0 12.2 1 11.8
325 240 31.9 143 18.5 2 1 0 11.6 0 12.5
326 195 31.8 136 18.5 2 1 0 10.3 0 12.5
328 250 56.9 157 27.0 4 4 1 13.1 11.3 0
329 175 33.7 149 21.0 4 3 0 13.0 11.5 0
330 185 32.0 147 12.0 1 1 0 10.4 11.3 0
331 280 47.9 157 18.0 4 4 1 13.8 13.8 12
332 195 29.3 129 17.0 2 1 0 10.2 0 11.0
333 150 25.8 130 16.0 2 1 0 10.0 0 12.5
334 205 35.9 145 28.5 2 2 0 12.3 13.8 0
336 165 36.0 144 28.0 1 1 0 11.4 11.5 0
337 275 39.1 149 15.0 3 1 0 12.8 0 14.0
339 320 43.3 158 11.0 4 4 0 14.5 1 15.3
340 245 36.4 148 14.0 3 1 0 13.7 1 11.8
341 235 36.5 351 19.5 2 1 0 12.4 0 12..5
342 285 60.5 159 32.5 2 1 0 13.5 0 12.5
344 360 48.8 164 14.0 4 4 1 14.5 1 13.3
345 450 62.0 168 13.5 5 5 1 15.5 1 14.0
346 210 42.5 140 29.0 2 1 0 12.4 0 15.3
348 355 49.3 162 1A.5 4 4 1 14.1 1 15.3
349 170 35.1 149 19.0 2 2 0 13.0 0 13.3
351 415 74.5 165 26.0 5 5 1 16.1 1 15.3
352 365 79.8 166 31.0 5 5 1 15.2 15.0 10
354 185 58.2 155 37.0 5 5 1 13.2 12.8 10
327 195 38.9 153 10.0 3 3 0 14.1 1 11.5
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Table 18 (Continued)
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426 150 26.6 140 13..5 1 1 0 8.0 0 8.3
429 135 26,3 125 18.0 2 1 0 6 1 0 8.5
430 160 31.8 143 14,0 2 1 0 ;,8 0 11,3
431 110 20,0 122 14.0 2 1 0 6.0 0 8.3
433 240 39.3 155 25.5 4 A 1 11.3
434 165 31.3 138 28.0 2 1 0 12.0
436 150 34.9 143 24,0 3 2 0 10.5
439 120 32.5 129 35.0 1 2 0 8.4 8.0
441 115 22.2 113 16.0 1 1 0 4.6 0 6.8
443 130 29.2 136 26.0 1 1 0 9,2 9.0
445 120 26,4 132 29.5 2 2 0 10..3 10.0
448 175 28.7 131 19.0 2 1 0 7,9 0 9.3
453 210 39,7 147 21,.5 2 2 0 10.1 0 12.8
456 210 38.9 158 12.0 4 4 1 16.5 13.8
458 115 30.9 133 25.5 3 4 1 12.6 11.3
460 125 29.6 144 13.0 2 2 0 13..5 0 11.5
461 110 26.0 139 26.0 3 2 0 11.1 11.0
462 185 35.3 140 28.0 2 1 0 10.2 9.0
463 280 42.4 157 10.0 4 4 0 13.9 0 13.3
464 155 49,4 158 17.5 3 2 0 14 1 0 15.3
465 270 53.8 159 23.5 5 5 1 14:2 0 15.3
467 210 37.7 150 15,0 4 4 0 13.,9 0 14.0
468 435 61.5 173 13.5 5 5 1 14.5 1 14.0
469 250 45,0 152 20.0 4 4 1 12,9 12,8
163 130 32.4 135 22.5 2 1 0 8.0 0 12.8
170 245 30.1 143 15.5 2 1 0 10.3 0 12.8
171 43.3 150 30.0 3 2 0 10.8
172 140 23.2 122 27.0 2 1 0 8.7 9.3
173 110 30,9 132 31.0 1 1 0 8,5
164 105 26,2 131 27.5 2 2 0 8.9 8.5
472 27.6 131 2 1 0 9,6 0 11 5
473 30.7 132 3 2 0 13_5 0 9.3
474 45.0 152 2 2 1 12..9 0 14.0
475 49.1 152 2 2 1 12.8 0 12.8
476 31,8 139 2 2 0 9,8 0 9.0
480 28.1 139 3 2 0 10,4 0 14.0
483 53.2 156 2 1 0 9.5 0 11.8
479 43.9 150 3 2 0 12 6 0 10.3
481 39,4 154 3 2 0 13.0 0 12.5
405 115 23.5 125 13.5 2 2 0 8.2 0 9.0
482 38.7 159 3 2 0 12 7 0 15.,3
477 44.7 155 4 4 1 13,5 0 15.3
478 50.0 163 5 5 1 16.3 1 13.3
485 32.0 148 2 1 0 0 12.8
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Table 19 Physiological analysis data (derived test
scores.
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0

()CO 1:4 A m mi<
12.2 12.5 2 10.0
11.7 9.5 2 8.8
10.0 10.0 2 9.5
9.1 10.0 1 7.2
6.4 7.0 1 4.0
9.9 11.0 2 9.7
10.2 10.3 2 7.2
9.9 10.0 2 6.7

10.0 9.5 2 8.9
9.9 10.0 7 7.7
13.2 10.3 13 12.3
9.9 9.3 2 6.9
8.3 8.5 2 6.4
8.0 8.3 5 4.2
12.2 11.8 1 12.2
7.7 9..5 2 5.3
7.5 8.0 2 5.3

11.1 12.0 4 10.4
12.9 11.5 6 10.4
13.0 15.0 12 11.2
12.3 11.5 9 11.3
11.8 14.0 2 10.1
14.5 12.2 3 11.8
11.6 12.5 2 11.6
10.3 12.5 2 9.7
13.1 11.3 17 12.8
13.0 11.5 12 10.4
12.4 11.3 1 10.8
13.8 13.8 19 13.8
10.2 11.0 2 9.7
10.0 12.5 2 7.7
12.3 13.8 4 11.5
11.4 11.5 1 10.0
12.8 14.0 3 12.6
14.5 15.3 17 13.6
13.7 11.8 4 11.8
12.4 12.5 2 11.4
13.5 12.5 2 13.8
14.5 13.3 18 14.4
15.5 14.0 27 16.1
12.4 15,3 2 10.3
14.1 15.3 18 14.3
13.0 13.3 4 8.6
16.1 15.3 27 15.4
15.2 15.0 30 18+
13.2 12.8 30 10.8
10.4 14.1 10 9.7

0

4)
ro

e4

1.03
88
.76
.74
.88
.91
.76
.86
.74

1.01
1.18
.82
.75

2.54
1.20
.88

1.10
.91
.90
.93

1.05
.89
,83
.90
.90

1.16
.68
.67
.96
.89
.58
.87
.94
.99
.81
.80
.93

1.46
1.01
1.32
.91

1.04
.69 12.0

1.41 14.5
1.66 18.0+
1.36 12.6
.80 12.6

-8 IPA

xrCl

C1

9.5
8.7
8.4
7.7
6.5
8.4
9.5
9.1
8.0
9.5
15.0
7.4
8.0
7.7

12.0
8.0
6.2
11.2
11.5
10.0
11.2
8.7
8.3
9.7
9.1

13.0
11.6
11.3
13.0
7.8
8.0
11.0
11.0
12.0
13.4
11.7
12.3
13.5
14.3
15.0
10.0
14.0

A

3
1

40

9.3
8.5
7.2
6.3
6.0
8.0
6.3
7.0
5.4
6.8
14.6
5.9
6.3
18+
11.7
6.4
4.7
8.8
9.1
9.8
8.6
9.4
9.4
8.9
8.8
9.9
9.5

10.0
13.0
8.2
8.1
9.1
9.2
11.8
13.3
11.2
10.3
13.7
13.9
16.8
10.7
13.9
9.9

17.8
18.0+
12.4
12.4
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Table-19 (Continued)

11-4W CU

0 1
U) Z

0'5 231
CC11 4

r-1
0

4.)
0
awl

M
ro
0
C) Xg.3,11

0

W 0m ml

4
4.3
tr
0
0

1 $4
-I-1
m

gl
eg

W

.-1
-1-3

03
r-I
W

IX

4
r-I

41

-M"11 gil

4
9-1 0 I

(3) 01
41

356 12.4 12.0 2 8.6 ,71 11.3 9.3
357 10.8 13.3 2 12.3 .89 10.7 11.1
358 14.7 15.3 18 15.1 1.06 13.5 14.3
359 14.5 15.0 18 11.7 .84 15.8 12.3
360 11.3 11.3 6 8.9 .72 9.5 9.3
361 12.9 15.3 18 13.8 1.00 14.3 14.1
362 13.4 14.0 19 17.3 1.03 12.1 13.0
363 5.6 6.0 1 5.3 2.09 5.1 13.9
364 10.0 7.5 1 7.7 1.00 8.6 6.6
365 6.4 7.5 1 4.7 .74 6.0 5.5
366 5.6 7.3 1 4.2 .75 6.4 5.1
3E9 8.1 8.3 1 8.5 1.06 7.1 6.0
369 7.2 6.5 1 7.2 1.11 7.8 5.8
370 5.3 7.5 1 6.9 .78 6.2 3.8
371 6.9 6.5 1 7.7 1.04 7.0 5.2
372 9.1 6.8 1 7.4 .62 6.5 4.1
373 9.4 7.5 1 7.4 1.00 8.0 6.5
374 5.0 7.5 2 4.9 1.10 6.5 6.3
375 6.9 8.0 1 6.5 .75 7.3 4.3
376 7.3 8.0 1 6.5 1.06 10.0 5.9
377 7.9 7.0 1 8.2 1.02 7.0 5.2
381 12.6 15.3 2 9.9 .87 12.0 12.6
382 14.2 15.0 1.42 14.3 18+
383 13.9 15.3 6 12.5 1.42 13.5 18+
384 14.9 15.3 17 15.1 1.31 14.5 16.5
385 10.1 8.5 4 8.1 1.18 10.4 10.2
386 8.4 8.5 3 8.8. .83 7.3 6.8
387 8.7 8.5 1 3.5 .73 7.0 4.8
390 10.4 9.5 2 10.6 2.05 11.5 12.4
391 8.1 9.3 2 7.5 .81 8.5 7.8
393 10.2 9.3 1 9.5 .88 9.7 7.0
404 7.9 6.0 1 7.2 1.03 5.7 4.9
406 9.7 9.3 2 9.3 .94 10.0 8.8
414 8.9 9.5 1 7.5 .99 7.0 7.1
415 7.9 9.0 2 6.7 .78 7.0 5.7
416 10.9 7.3 1 4.8 .93 6.0 5.5
417 6.9 9.3 2 6.4 .97 7.8 7.1
418 10.5 8.5 2 10.3 1.06 12.0 10.0
419 7.9 8.3 1 7.2 .70 7.1 4.5
420 7.1 8.3 1 4.5 .70 6.5 4.9
421 8.3 9.3 2 7.5 .87 9.7 8.5
422 12.2 9.0 2 8.6 .97 11.3 9.4
423 10.4 8.5 4 8.7 1.26 10.6 9.2
424 9.6 9.0 2 10.5 1.00 8.0 8.6
425 6.5 9.0 1 5.7 =66 6.2 4.8
395 10.1 9.0 7 11.2 .88 9.3 8.6
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Table 19 (Continued)

whi
4.)

oci ;41
a)

ro

0
a)

as
4-) >

ri
:74 -P

X
CD

$4(1)

-P
ci) 3 04

426 8.0 8.3 1 7.7 .87 10.0 9.7
429 6.1 8.5 2 7.2 .95 7.2 7.0
430 7.8 11.3 2 8.1 .94 10.7 9.4
431 6.0 8.3 2 5.7 .73 6.7 5.1
433 11.3 17. 12..5 1.03 12.6 10.4
434 12.0 2 10.0 .82 10.0 7.7
436 10.5 6 9,2 1.06 10.7 9.4
439 8.4 8.0 2 7.7 1.16 8.2 7.1
441 4.6 6.8 1 6.1 .93 5.3 5.7
443 9.2 9.0 1 8.2 1.04 9.5 7.3
445 10.3 10.0 4 7.7 .79 8.9 6.0
448 7.9 9.3 2 10.4 .93 8.2 7.7
453 10.1 12,8 4 10.3 1.19 11.5 11.1
456 16..5 13.8 21 11.7 .78 13.4 11.8
458 12.6 11.3 13 7.4 .78 9.0 10.0
460 13.5 11.5 4 6.7 .77 10.0 8.8
461 11.1 11.0 6 7.2 .71 10.1 6.3
462 10.2 9.0. 2 10.8 1.06 10.2 9.0
463 13.9 13.3 16 12.7 .85 13.3 13.2
464 14.1 15.3 6 7.9 .91 13.4 13.7
465 14.2 15.3 5 12.5 .97 13.5' 13.7
467 13.9 14.0 16 10.3 .90 12.0 11.4
468 14.5 14.0 27 15.8 1.19 16:7 16.6
469 12.9 12.8

i

- 17 12.8 .98 12.1 12.2
163 8.0 12.8 2 7.0 .94 8.9 8.5
170 10.3 12.8 2 11.8 .83 10.7 8.7
171 10.8 6 1.25 11.8 10.7
172 8.7 9.3 2 8.7 .67 7.0 9.2
173 8.5 1 7.2 1.13 8.9 7.2
164 8.9 8.5 4 7.9 .94 8.6 6.2
472 9.6 11.E 2 .80 8.2
473 11.5 9.3 6 .87 8.4
474 12.9 14.( 5 1.19 12.4
475 12.8 12.8 5 1.30 12.4
476 9.8 9.0 4 .84 9.7
480 10.4 14.0 6 .73 9.7
483 9.5 11.8 2 1.38 13.1
479 12.6 10.3 6 1.10 12.0
481 13.0 12.5 6 .98 12.8
405 8..2 9.0 4 6.1 .73 7.2 6.5
482 12.7 15.3 6 .94 13.5
477 13.5 15.3 17 .84 13.0
478 16,3 13.3 27 .92 14.1
485 . . 12..8 2 .75 11.5
487 9..6 12.8 2 .91 10.0
490 15.2 9,3 2 .68 8.4
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Table 19 (Continued)

cnz

ro

0
4

a)

489 11.8
491 12.6 12.0 6 1.13 11.1
488 12.1 9.0 10 1.18 12.4
493 11.8 10.5 2 1.87 12.0
494 13.9 12.3 18 1.24 18+
495 13.1 13.8 11 .97 18+
496 11.8 13.3 4 .95 10.4
497 11.9 12.8 10 .89 11.3
498 13.8 12.5 9 1.06 13.9
499 11.0 9 .87 11.1
500 9.9 10.8 2 1.18 9.5
501 9.1 9.0 1 1.04 7.8
502 8.2 8.5 1 1.07 9.4
503 12.8 15.0 2 .87 13.0
504 10.1 12.8 2 1.06 11.0
335 11.5 12.0 4 10.8 .79 10.2 7.6
343 12.6 15.3 9 13.0 1.03 12.4 13.1
347 14.3 ].5.3 16 15.1 1.51 15.8 15.2
350 12.8 14.0 17 10.3 .80 1220 11.5
353 13.4 12.8 10 17.3 .98 18+ 13..2

367 8.5 6.8 1 8.7 1.03 6.6 5,5
378 14.7 15,3 17 14.2 .83 12.6 13.2
379 13.2 15.0 16 11.3 .93 12.6 13.8
380 13.7 15.0 14 18+ 1.84 15.8 18+
394 11.8 12.5 6 9.5 .93 10.4 10.4
310 9.4 9.0 1.00 8.6 6.0
314 9.7 8.3 2 7.5 .94 7.2 7.6
457 11.8 12.5 1.11 11.9 10.6
459 14.1 14.0 .63 12.3 10.9
438 6.2 7.5 1 6.5 .78 6.8 4.6
338 14.9 15.3 10 13.9 .81 13.5 13.2
355 12.6 12.0 4 10.8 .68 10.2 7.6
388 10.3 9.3 6 7.5 .74 7.0 6.8
427 7.7 9.0 1 6.9 .69 7.3 4.5
452 6.6 9.0 1 5.3 .90 5.9 4.7
484 12.5 11.5 12 .99 12.8
486 13.6 12.8 21 1.13 12.4
435 13.1 11.0 17 13.6 1.11 12.6 11.1
444 9.8 10.8 1 5.8 .74 9.4 6.3
446 12.8 12.3 6 8.2 .76 11.2 8.6
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Table 20 (Continued)

TIP Measure DIP Measure

Z
3-4 04 04 i

426 25.5 26.5 34.8 .366 0

429 27.5 35.5 31.5 .333 26
430 30.5 35.0 32.8 .500 39
431 27.0 32.5 29.3 .611 31
433 47.5 41.0 44.3 .350 0

434 30.5 31.5 30.0 .533 16
436 36.0 36.5 36.3 .366 17
439 29.5 33.5 31.5 .450 24
441 35.5 2'1.5 32.5 .450 0

443 33.5 33.5 34.5 .375 18
445 25.5 34.0 29.8 .450 0

448 24.5 32.0 34.3 .343 41
453 30.5 33.5 32.0 .366 0

456 30.0 30.5 30.3 .400 1

458 33.0 35.5 34.8 .343 6

460 34.0 39.5 36.8 .311 2

461 27.5 32.5 30.0 .333 0

462 35.0 39.5 37.8 .375 25
463 33.5 38.5 36.5 .211 24
464 28.0 27.0 27.5 .182 35
465 28.5 27.0 27.8 .310 0

467 36.0 34.5 36.3 .341 19
468 32.5 31.5 32.0 .416 0

469 42.5 42.5 42.5 .416 20
163 17.5 20.5 19.0 .400 27
170 18.5 19.5 19.0 .310 32

171 35.5 37.5 36.5 .434 17
172 19.5 26.5 23.0 .416 37
173 20.5 27.5 24.0 .416 31
164 22.5 28.0 25.3 .343 31
472 28.5 37.5 33.0 .643 0

473 44.0 42.0 43.0 .366 37
474 33.0 35.0 34.0 .236 0

475 41.5 31.0 36.3 .254 0

476 38.5 40.0 39.3 .286 27
480 26.5 32.0 29.3 .416 28
483 26.5 39.5 33.0 .366 11
479 30.5 33.5 32.0 .277 20
481 32.5 28.8 33.0 .310 39
405 34.0 33.5 33.8 .235 18
482 41.5 45.5 43.5 .375 23
477 35.0 35.0 35.0 .250 24
478 29.5 35.0 32.3 .310 0

485 29.5 34.5 32.0 .450 0

487 32.5 32.0 32.3 .333 0

490 30.0 31.5 30.8 .277 18
489 34.5 29.5 32.0 .310 40

133

M GO

37 40
42 44
45 43
37 45
32 37
36 43
28 25
38 45
29 35
27 45
29 41
42 46
21 31
31 41
9 31

40 47
41 45
31 41
36 40
25 35
27 41
20 45
32 41
38 44
33 48
35 46
35 41
40 45
37 43
39 46
30 46
42 45
26 42
38 45
40 41
35 45
42 44
42 45
44 35
36 43
41 46
37 40
38 37
21 44
26 46
22 44
45 44

O

I:n11

37 3

16 2
6 -2
6 8

32 5
20 7
11 -3
14 7
29 6
19 8
29 12
1 4

21 10
30 10
3 22

38 7
41 4
6 10

12 4
-10 10
27 14
1 25

32 9
18 6
0 15

3 11
18 6
3 5
6 6
8 7

30 16
5 3

26 16
38 7
13 1
7 10

31 2
22 3
5 -9

18 7
18 5
13 3
38 -1
21 23
26 20
4 22
5 -1



0
IA
ro

ai
H

OZ s ecloT S 01 Tr r- Tr pl Ch sr C4 0 C4 LI CV CD r4 Nt r, r4 r4 C) CO 111 og Cm MD Nr r4 r- OD CD c4 cn r- ri Tr est Ch C4

N r4 r4 I r4 r4 r4 r4 r4 r4 r4 N ri ri r4

.401 c) Tr u) m) Tr c) r4 r4 Ul CV ri 0 Tr un In el 01 CD MD Tr r4 CO CO Ul OD C.. CO CN Ch u) ci I-- 01 Ch

-g="01 S Tr I el r-i Tr Tr eV I (4 cv CN rI rl g-I N r4 N

r- 01 r- Tr ul r- OD in on Nr CO co cp CD on r- r- r4 01 mD on CV CV c4 mD CD 0 LAI C4 Tr CO 01 cv 01 eV ul
EIPOT-1- IRIS on Tr Tr Tr Tr Tr on on Tr Tr CV 01 en Tr Tr Tr Tr Tr Tr Tr Tr el Tr Tr Tr Tr Tr Tr -a, Tr Tr Tr 01 Tr Tr on .r;, on

laps+ IUS

Eas

adoT S cILL

uvaw (ILL

Tr Ch C) C) C4 Tr on l0 CD rl Cr) V) OD Ch VD MD VD in r 01 CO Tr mD on MD CO u) 01 CO U) CD U1 H Is CO U1 01 en

on r4 Tr 01 01 en on el Tr Tr esi e4 eV NN c4 01 Tr Tr ol on cv 01 pl rA C4 on en on en Tr el el .1 01 el on 01

0100 '0N CO r- CV CD CD OD CD CO Ch CD cv c) c4 c) ul .44 CD Ch CD r". CO CD CO e4 mD cv V) OD CD

rq 0.1 01 CV CV CV 01 CV CV CV C4 r4 C4 ev ri NNC4C4C4 r4 C4

F-1 MD el mD el r C) u) C) CD C) mD CD OD C) Ch CD l0 MD CD Tr CD Ch CD CO 01 CD C4 C4 C) VD mD C) CD 'I CD lO

r4 vD on V) CO VD r4 C4 C) CD Ul 03 rq C) Ul en en r4 el ul C) Cr ul Ch Ch VD ul on 01 U1 Ul 01 ul VD

on )eNU1l0MNU1UINNM cv 01 c4 c4 (4 cv 01 cv cv rl CV el CV cv eV on Tr el el CV I-- CV .0 MD
e

CO m CO ul m m un ul ul C) ul 01 U1 Ul CD N If) CD U1 CO 03 01 CD N CD CO CD 03 CD 03 el CO CO CO CD CD 03 ul
C

1/40 cm el cv C3 CD 03 CV 01 r4 ts CO MD P- cv cv 00 u) Ch cn 03 Er1 CI 33 ul Tr 01 r, ul eq un CA r4 ev CO

el ei on el on Tr rl Tr Tr .0 en on IN C4 CV CV " CV CI CM en el en cm 01 r4 cv C4 C4 CV et In 01 el

CD C) CD ul CD CD in ul u, UI III c) uI u1 ul un CD CD LI UI un u) ul 111 u) Li) Ul un Ln CD CD C) CD CD ul 0 CD u)
0

I co cv 01 N r- CD Cr N M 0) cv N CD N CO un u) N C) el r4 CO N c) r- 10 N on esn 03 Tr Tr cv Al Ch ul CO

1.11:10,1 CV CV 01 01 C4 111 rl el ct el .0 01 Tr en (NI (4 CV 01 cr Tr el Tr ev el el el el cv el N C4 cv on Tr pl 01 cv

in in in Le) L.r) in in in in in if) Lt1 Ou1tn

Trur7571 ccl g (p',1 f:i!. !",; 4 4 cc,"; Lgl 2 2 g :d?,; (r...; r1 (01 (54 4 cc..4 .7. 2

iaquinN
:faa

ri co on u) mD r- 00 Cl CD I- CV 01 h In 01 r- C) el I-- OD Ch 0 Tr 0 Tr rs Cl CU r4 C4 01 sr U1 Q) r- C0 Cl

Ch CO 0) Cm Ch Ch Ch Ch CD CD CD CD CD on Nr Tr ul ul 0 I-- I-- cO Ch r4 p4 Ul u) el CD C) C) CD CD CD CD CD CD

Tr Tr Tr Tr Tr Tr 1. Tr cr u) ul ul u) u1 01 01 el el el el 0n on on on on el Tr Tr Cr r4 r4 rq r4 r4 r4 r4 r4 r4


